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ABSTEACT 



The Federal Communications Commission* s-4 opening of - 



the 900 REz spectrum for use by the land mobile i:adio community was a 
landmark event in the history of mobile radio in the tJnited si^ate^^ - 
as this action "almost doubled the^ amount o^ spectrum , available. ^Thife » 
report describes the current regulatory environment, analyzes th^ 
applicabi^lity of 900 HHz' to" law enforcement communications, and 
presents the conclusions affd recommendations tha\t result, .as well as 

' fecommendiiig^ a program fnor demonstration of a working system. A , 
historical, regulatory , and litagory background of Docket No. 18262 
is presented. Also detailed are those factors peculiar to the 900 MHz 

.spectrum and the regulatory environment Created by affecting the 
applicability of this spectrum to the satisfaction "of la¥, enforcement 
needs," and the operation of a ^aw enforcement communications system. 
This discussion provides a. basis for understanding how these new . 
technical and. regulatory concepts relate'^o law^ enforpement systems. . 

-^nee^ds* A description of a five-ph,ase demon^stration and technology , 
transfer program includincf cost estimates yand schedules is also . 
included, (JEG) ' , - _ \ * 
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EXECUTIVE SUMMARY 



The Second. Report and Order in the proceedings relating to Docket r{o. 18262 publistied by the - 
. Federal Communications Commission (FCC) in 1974 promised ,rel ief of the l.on^-standing frequency 
, congestion -problems of the law enforcement communications community. Ctjncurrently , fundamen- 
. tal. revisions to the 'procedures^ arid policies By which/law enforcement ^igencies obtain access 
to the 900 .MHz portion of the'spectrum were made. . ' " ' 

These 'Proceedings allocated 30 MHz for all elements of the land mobile coiimunicatiohs commun- 
ity, including law enforcement. Of the 600 channel s -possible .in this portion of the spectrum,* 
JOO were allocated- for conventional systems, 200 for "^trunked"]/ systems, and the remaining 
300 held in reserve. New ground rules were established for the assignmeat of these fr^equencies.. 
Block assignments reserving specified frequencies for des-ignated classes of users- such as law 
enforcement agencies were not authorized in this band. No provisions Wre made for local fre-- 
quency coordination. The procedures. at 900'MHz call for the FCC staff to- use a first come,' 
first served assignment technique based upon Commission-established standards of channel load- ' 
|ng. The Commission also mandated that all systems requiring more than five channels'^be 
trunked". - - ' * ^ 

''These and related -concepts were developed^ by the Commission in recognition of the rapidly 
expanding spectrum' requirements^f the land mobile communications "community. Its stated 
\ * "intebti-on was to apply modern, tedhnology to the problem of the'growing deipand for a finite 
^ amount 6f spectrum. But the impact of these policies, together with the Engineering questions 
r- pertaining to the techn-ical suitaBil ity of "this newly -available, spectrum have, heretofore, not 
- b&^. Considered- iji lighf^of the special ized communications need's of law enforcement agericies.- 

^T-. ~" • -^.^ , • ' - . ■ ' y,' 

".Jh February 1977 the' Law Enforcement Assistance Admin^istration (LEAA) recognized that many ^ 
techni^l, .economic and managerial questions about this newly available spectrum and' related 
freqi/e^^- assignment philosophies must be answered before the-potential Benefits inherent in * 
Docketjipb". 18262 coul^ be fully available to the law ^ftiforcenient community. Under LEAA Grant 
; vNo. 77 §S 99 6l009 the Associated Public-Safety Commurjic^tions Of ficers Inc. (APCO) was re* * 
V^uesteiJ to analyze th^se problems, make appropriate recommendations for future -iactions , and 

- - 'describe a program-^o^^emofilstrcLte the pptenti^l capabilities of thes^ new concepts. ' r 
■. ' ' ^: ^ •■ ^ * • . i - ' 

In this study \( called Project 16), APCO has determined that-these frequencies do, in fact, 
pre5^ent*' the .opportunity for? significantly improved spectrum 'avail Sbil ity and cQjimuni cations 
sys>Jem pe'rfo.rmance for law'^enforcernent- agencies. Conventional type 900 HHz equipment^is now 
availabl^^ I^ is relatively .cosf effective and functionally suitable for installation, main-. , 

' . ^ tenancy and operation by many'vXaw enforcement agencies. The 900 MHz spectrum offers a major * 
' ' opportunity to alleviate mlich of tlie spectrum congestion that has long afflicted the public- * 

:^ safety communications conmunity. ' 

/ » ■ , ■ ^ ■ ■ -I 

On the Mother hand, the present regulatory^ envi ronmeat for 900 MHz as established in iDocket*^ 
No>.N 8262 poses 'certain dif ficuUies that^ may impede the effective utilization of this' vital 
portion of the/spectfum. -The absence.df .b(lock allocations coupled, with the elimination of the 

- . requiranent for local area coordination, cfetn seriously jeopardize the implementation of inte- 

grated and cooperative .systems. The firsts come, first served frequency assignment poT"^ 
threatens potential, access to- these frequen.ci.es* by the tax^tsupported members, of the la^..^ lo.bile 
community. The rate at which^the 'business and other economical ly flexible elements of the. 
land mobile coninunity are moving* to these frequencies raises -serious questions regarding the 
eventual avail^abiJity of frequencies for law enforcement agencies, that are faced with the time- 
consuming financial processes that must be complfed with by tatx-sup^rted entities. 

The- question o^.trunked system implementation by public safety 'agencies has proven to-be highly 
, complex. The potential for improved, spectrum util^izatfon that might result from trunked system 
technology in the law enforcement sector has not been demonstrated ,in light oi' the spedialized 
law eaforcement operational needs; nor is the responsibility of the taxpayer to support these 
potentially more costly* systems , even if perhaps -they are more spectrum-efficient,- been estab- 
lished, . • % ' - 



, y c See Chapter I for definitions. 
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While improved spectrum efficiency may result from such systems; the degree. of improvement. 
^ " " "attainabTe" seems. Targel^^ in the system. Trunking 

systems wfth fewer than 300 mobiles offers little improvement in spectrum utilization. Trunk- 
ing lai^ger systems, under present standards of loading, offers only marginal improvements in 
possible channel availability. ' ' ^ ■ 

.Little spectrum- related benefit derives from trunking heavily loaded channels. Improved spec-; 
tr4jm utilization is not likely to result from trunking'the existing number of channels of a 
major metropolitan system that. is. currently loaded with 100 or 150 mobile .units/per channel: 
\ Overall increased Sijectrum utilization, while maintaining a present or an improved level of 
service in such systems, is iDore likely to occur in large municipalities if \multi -agency sys- 
tems can be deVelo^d. Systems in which the communications needs of s'ever^r (or all) agencies' 
of'a given unit of government could; be united, such-that lightly loaded channels can be com- 
bined with the heavily loaded law enforcement channels (incorporating the time phase difference 
^v!,-.:pf' periods of peak loading), could provide opportunities for improved spectrum util ization- by 
^Ct^sing trunked techniques. Similarl^^, the combination of several agericies of different but ^ 
/Sfe^- (Contiguous units of government also offers the possibility of providing the^system size- and 
channel availability needed to make passible improved spectrum'^ util ization thrpugh trunking. 
Both of these options present significant management, political and economic problems. 

A most important result of this study has been the identif^ication of significantly improved 
operational possibilities that are inherent in the trunked system concept. Such systems, .jem- " * 
plbying digital address and control channel techniques, maice possible system configurations 
> that\)ffer greatly increased flexibility, multiple address system organization, automatic 

priority designators, multiple system control points, channel redundancy ^i. flexible system ex- / 
pansion-capabi^itf^^ yet to be identified. Therse techniques can greatly 

enhance the functional capabilities of law enforcement communications systems. The trunked 
system concept currently mandated by the FCC offers the possibility of^ satisfying law enforce- 
ment commlinl cation^ needs for the next several decades. . / • \ 

Project 16 recognized that the technologies required to implement thes.e trunked systems, ekists 
today. The principal* impediment €o their immediate application, is the need'to identify those 
necessary functions that this technology can provide and to configure a system that demon-- 
str^tes the improved operational fcapabilit'ss that are possible. P'gjjeQt 16 conc>a'des-^that 
the federal government should provi\de the initiative needed to dev^TOp" a demonstration system 
. that will make potential users aware of its capabil itiesJand resolve \those engineering ques- 
tions inherent in'the implementation of, new technologies*. , x 

The itudy recpninends that the federal government initiate a program-'to develbp^a model -trunked 
system demonstrating those operational features haviVjg' particular ap^Tication to law enforce- 
nient communications, needs. It also recommends that the federal govertiment abso-rb th^3;costs . 
associated with system development, test, and tectinol\gy transf^r,^and that the selec^ted model 
community .bear those costs associated with hardware manufacture ariii installation. - . 

Project 16* has answered many of"the questions relating t6 the opening of the 900 MHz spectrum 
to law. enforcement communications needs. It has pointed put certain regulatory areas that need > 
modifica^^ion if ^these frequend^^ are , to be most effectively usdd. It has-shown that the /• 
equipment needed for. conventional , traditional type 900 MHz systems is available today. . But 
perhaps of most importance, it has pointed out the potential of trunked\ 900 MHz syst^gms to 
exploit existing technolpgiies in a. way that will provide new systems' configurations that will ^ 
accommodate the operational needs of law enforcement agencies during the coming decades. 
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INTRODUCTION 



■ . . 

The opening of the 900 MHz spectrum for use by the ]and mobile radio cc -unity 
~by thi Federal Communications Commission in its- proceedings in Docket U^. 1S252 
'was- a landmark event in the history of mobile radio in the United Sl:ate:,. By 
this action the FCC almost doubled the amount of spectrum available to z'r ^ "end. 
mobile radio services, offering a long-awaited hope of relief from constraints 
on system des-ign "caused by the limited number of -aval lable frequencies,. 

In this proceeding the Commission laid a f ounda t i on for the future of, mobile 
radio. It authorized the development of "cellular systems" which may some day 
make possible the establishment ol'^a mobile radio system able to serve the gen- 
eral public. .much as the public trl'^ohone network does today. It set aside 
40 MHz for the devel opmen t of th-^-.;; '^sllular systems. 

The Commission provided for the gruwth""of private land mobile radio systems by 
establishing two 15 MHz bands (80,6 MHz to 821 MHz for base' only , and 851 MHz 
to 866 MHz for malJi 1 e only)l_/ for use by ' tl^e ""1 and mobile radio services. This 
30 MHz provides suffic lent spectrum for the Eventual assi gnment of 600 two-way 
voice channels in the land mobile radio service. • 

\ ' - - • ■ . \-. ' 

In this alction the FCC did "much more than authorize -much needed spectrum for 
land mobile use. It radically altered many of its 1 ong-standi n9(^concepts of how 
this spect^rum would be managed and how these frequencies would be assigned. The 
Commission did away with block allocations at 900 MHr. That concept, long in 
use in the lower bands,, reserved s pec i f i c f requenc i es cr g^cups of frequencies 
for use by. specific services, to the exclusion ofother us^^s. In lieu of this 
block allocation concept, the Commi ss i on establ i she- "f stcome, first 
served" frequency assignment procedure whereby al 1 ' authorized users , regardless 
of service, would be assigned f requenci es . by the Commission staff in the ^order . 
of the sequen^% of their license applications, Vased.ur^n channel loa-ding stan- 
dards established by the Commission. \ ' ^ ' . , 

The Commissijai\ also mandated that the larger system's ( tnose wi th T oadi ng re- 
quirements ;^li^i fyi ng the assignment of more c.n five channels) must, employ » 
trunked 2/(/ system technologies., ^These " runk systems would be based upah 
automated-computer controlled switching technologies that could instantaneously 
selectman iJoused channel, from among any of those assigned to the system, rather 
than rely upon discrete assigjrfaents of channels tc individual-mobile units or, 

groups of units. ' ' / . - ' 

_ ' ■• . * ■ * ' 

The ConMnission explained in the Second Report and Order, resu 1 ti n^ from Docket 
No. 18262 that it was pursuing these policies in the interest of increased' 
"spectrum effictency" and improved spec t rum 'management ^ I t made cTe«r in public 
statements made in connection with Docket No. 1C252 that St fores^ 5 great- 
gcpwth in the demand f or -mobi 1 e -r^di o systems, and that in vi-^w off the finite,- 
Ifiniits of the, avai labl e spectrum, the Commission was determi ned ' to exploi't the - 
resources pf technol ogy .and management policy to best use the available spec- 
trum. ^ ^ . / 

The CommAs^i-on recogVized that the trunked technologies it had mandated are 
likely to Ve expensive and,, in^some cases, might only be justified by some -form 



1/ This newly available spectrum has beeli referred to by several appellations during the 

• development of Docket No. '18262. Technically, it is a portion of the UHF band and, cur- 
rently it is fVequently-. referred to. as the "800 MHz" hand or the "850 MHz"-1)and. During much 
of the period in which Docket No. 18262 was- active, the entire portion of the'-spectrum under 
consideration in that.-Docket was wVdely referred to as the "900>lHz" band. In deference to 
thfs historical precedent, this 'Report wi]1 continue to use .th^^^ term to designate that portion 
of the spectrum available for -land ifiobile radio service use between 806 MHz and 870 MHz. 



Zl For definitions 'of this and similar terms used-'extensively in th^s Docket, see Chapter I: 
■ • " I.ri . \ 
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of cooperative or common user maWiagement organization. To this end It author- 
- 1z«d the establ Ishment of Soeclal Mobl le Radio Systems » or SMRSs . - These SMRSs - 
would not be licensed as common carriers regulated by State Public Utilities 
Commissions. They would be authorized to provide base station services to only 
those users who are 1 ndi vi dually licensabje in their own right. 

The complexity of the Docket No. 18262 proceedings posed sii gnif 1 cant questions 
concerning the Commission's policies affecting spectrum management. While these 
innovative policies fiad long been discussed in the near decade • of a rgume,nt 
precediag the publication of the Second Report and Order resulting from Docket ' 
No. 18262» the Impact of these new policies upon the special needs- of the public, 
safety sector, including the/ specialized needs, of law enforcement communica- 
tions, was not. clear. What are the. effects of the elimination of block fre- 
quency allocations? Of first come » first served frequency assignments?. Dofes 
the Commission have the resources to support the frequency assignment program? 
Will frequencies be available when tax-supported agencies have finally obtained 
funds for system implementation? 

As with any innovative technology , engineering questions need answers before new 
systems can be installed. What are the propagation characteristics of these 
frequencies? Is equipment available and what will it cost? Can it be maintain- 
ed using available skidll levels and test eqcHpment? Is it safe to operate? 
Reliable? . • . 

The mandating of trunked. systems technology rai ses addi'tional problems for those 
considering designing large systems. What are the potentials for improved spec- 
trum utilization? How many trunked /channels will be adequate to replace a given 
number: of conventional channels? Wl^'at is the avai 1 abi 1 i ty of the -equi pment?- 
How^will such systems work, and wha/fc will they cost? What will it C0S4:: to de- 
velop and demonstrate the technology and who. should pay for it? What rxjle wvll 
the SMRSs play'and how ca^n they be applied to public safety, needs? 

y / ' ^ ■ ' ' 

A related family of questiojis of special intejrest to 1 aw- enfprcement and other 
public safety agencies springs from the operational potentialities of trunked 
systems.,^ Given the devel opjnefit of this concept of mobi 1 e jiommunicati ons system 
design, Nirhat are the possibilities of new approaches to equipment design and 
system configurati on to improve the operational capabilities of the using agen- 
cies? Considering the developmental "break point" inherent in the introduction 
of trunked systems, are there other technalogical or conceptual innovations that 
might be introduced concurrently? • # \ ^ 

The Law Enforcement Assistance Administration (LEAA) recognized that these anck, 
related g^uestions most be resolved before the newly allocated 900V MHz f requen - 
cies can "^be fully applied to the introduction of modern laii^ enforcement commun.i- 
cations systems that are respons i ve to the growing demands "^bei ng imposed upon 
them. LEAA also recognized that the adaption of the technological potential to \ 
the cojnmand control needs of the law enforcement community - would likely call fo^J^ 
a comprehenTsi ve , formal development program that included schedul e^s , budgetary 
estimates*, and i denti f led management, fiscal and technological responsibilities.^ 

In Febraary 1977 the LEAA provided Gran^t No^ 77 SS .99 6009 to the Associated 
Public Safety Communications Officers, lnc..(APCO> to develop answers to these 
and related questions. APCO was/'also ca\lled upon to outline the ob jecti ves , 
schedules and cost:s associated^*4n th a pr6^gram to demons trate the operati*bnal 
and technological capabi 1 i ties inherent in the trunk^it systei^^oncept . 

APCT), as the oldest and largest association of publ^ic safety communications 
supervisors, o^perators ^and ^Jtechni cians ♦ possesses special capabilities in this 
area. With its vol untary nwDlibershi p that includes system user responsibilities 
operational experience , and technical experti se , .i t. i s in a un-ique position to 
provide policy level insigb-ts and techni cal ' judgments , unbiased by-^conojnic 
sel f-i njterest » moderated* by the awareness that its members will be those' most 
affected by the conclusions reached. 

/ \ ■ J f ..... ■ . 

I -1 1 . ' 



To ^ccompTi-sh this task, AP.CO establishied 'a task group comprised of the- Bo^pd 
of .Off icerTs as*sisted by the Association's Execu.ti^^ 'florae tor and^the Project - 
V ' Director;,^ to provide overaT 1 ^ pro ject supervision and \pbl icy-1 eveT^represe.rita- - 
' >- tidn.of the Associ atfoji ' s membership. A secorvd- fask g>?piip , 'made up of members 
- • sel.ect.ed -for their engineering skills ajid operationa'^l .eCj^pervejicer^was organized 

■ ^-tT) provide technical guidance. Semi riars we're- condijcted-^uripg the^ regul arly 
' , - scheduled Region^ai Conferences of the Assoc^'a^tion during^«(^^^ tl^e rnemberhi^) 

pairtTQj pated in discussions with Pro j ec t ' p^rsonr>e^vto^prjpC^^^^ insist irvto the - 
' • fssues presented. A mail' survey -of the vendor communi ty'"%as;*made t.o .determine 
. the status of eqqipmeirjt devel opment arrd 1 ikely<^ projected' cos ts .^^ Project .person- 
n.el part'icipated in confe>ences wi th /representa\tiyes of -the ervgi neeri ng and -man- 
agement sta.ffs of several major yend"ors*to determine the s tattis ,vcos ts , poterv- 
- tiaV Probl ems , and opportunities that'they^ beJj'eved mightv be associated with . 
trunked system impl fementati on . APCO's retained 1 ega1 ^firmVof McKinnon, Wilkin- 
\ ./ soa and Kittner provided a s^uimnary of the regul atory background considerations 
\ ' ahd'-an overview of the 'final Report to assure conformiincev with , regul atory con- 
cepts. .A Project Director was assigned to^the National Of fic^ of APCO worki ng 
under the general supervision of APCO*s Executive bireq.tor.. v= - 

the Report'is presented in five Chapters' tTiat describe the current regul atory 
^ -^t,re;nvir analjrze the appl icabil ity of 900- MHz to law e n f o r c enve n t comm u n, i c a - 

'tions, present ^the conclusions' and recommendations that result, and ^^^^^trommends 
a program for demonstration of a >iforking system.^ The first Chapter-presents the 
historical, regulatory and litigatory background of Docket No, 18262. The sec- 
ond presents those factors , peculiar to the .900 MHz spectrum and the regulatory 
environment created by Docket No. 18262, affecting the appl ic abi 1 i ty of thi s 
spectrum to the. satisfactTon of law enforcement needs .. Chapter III describes 
the op.eration of a law enforcement communications system and how truriked commun- 
ication systems work. This discussion provides a basis for understanding how 
these new technical and regulatory coH^icepts rel ate to law enforcement systems 
needs. Cliapter IV lists conclusions developed by APCO regarding . these issues, 
and the recommendations associated with these conclusions* For the reader's 
convenience, the recommendations are summarized at the end of the Chapter. The 
fifth Chapter establishes the objectives to be attained by- a demonstration sy's- 
' tem, and describes, a five-phase demonstration and techno! ogy transfer program, 
including' cost estimates and schedules* . 

' ' ' 

The scope and c'omplexity of the material presented in this document makes com- 
.. / plete assimilation .at one. timfe difficult.. Each Chapter has therefore .been pre- 
, pared such that i t -may be/read alone.- While this approach results in some 
. redundancy, it ts hoped-that' it' wil 1 improve its usef ul ness as a source of - 
.referen.ce material - : - • ' . . ' - 

. ^"'^'"'^ ■ ** ' ■ ■ • ^ 

Since the initiation of this Project, the Commission ha^'^en fi-t to^recognize 
a number of the regul atory and spectrum management- i ssue^s-^t.bat now affect the 
la^d mobile community. In its Docket No. 21229; published in June 1977; it 
-' asked a number '<)f questions regarding spectrum management proceedings, frequency 
"^coordination,- and similar issues. APCO * s response to this Docket, included- .^s 
. Appendix I to this Report, presents a comprehens j.ve overview of its position on 
- thesjgj subjects. . ; * ; 

The foil owi ng> document provides APCO's response to. , the issues and opportunities 
pres'^ented by the proceedings of -FCC Docket No. 182&2'as viewed from the perspec- 
tive of the public s'afety community i'n general and the. Taw enf;orcemer>t commun-.> 
ity in particul ar It is^di rected toward the management leveVcommunications 
system executive. While it is written in non-technical language, it assumes ^ 
familiarity with fundamental .mobi 1 e communications concepts. A Bibliography is 
included to provide source material for those i nte'res ted in pursuing the tech- - 
nical analysis upon which the report is. based. . , ' ^\ 
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i - THE 900 MHz ftEGUlJVTORY* BACKGROUND AND ENVX>RqNME!iT 



• K' . INTRODUCTION 
1.1- . GENERAL . ;.. 



In a proceeding titled ^'An Inquiry Relative to the Future ihse, of the 
Frequency Baii^ 806-960 MHz"; the Federal Communi cat1\bns Cdinmiss.ion taok 
stem's 'to\ open a major segmen-t of the radio sp.i^ctruinvf or public- safety 
cbmmuni c^at4 on system's and other members of the 1 and ^irnobtl e radio com- 
munfty.V 'Vfi>thin,the new spectrum allocation, the Commission determined 
to^^require .in^nova'tiy,e engi.neerin'g t^chniq;ies and methods of frequency 
assignments among radio-^yst^ms as well as to conti nue -some 'features of 
e(stablished technol ogy- and spectrum management systems. The stated pur- 
pose of these FCC actions was %o devise an^* impleJhent radio systems and 
technologies that would use^ the newly available spectrum with- hitherto . 

"una^chieved efficiency whi 1 e* of f eri ng a wide range Ovf- choices to .^ligfhle 

•spectrum users. • - . 

. i ^ ' .■ * ff ■ ' ^ . "i 

'To thi,s en^^ the FCC did no>t limit the-availability of* 900 MHz frequen^ 

,.cies tO' th^ conventional individual and cooperative type of systems no^ 
prevalent in other mobile bands - although such use is permitted at 
900 MHz. Rather, the Commiss ion encpuraged the use of "trunked" or 
computer-switched technology in private dispatch systems, in which 'many/ 
users*' can Share a number of frequencies by use of. computer controlled 
channel switching. Sinte these trunked systems might be more complex 
(and therefore more expensive) than single radio users m.ight need or 
desire, groups of eligible users and aew, profi t-miaki ng "Sp^ialized\ 
Mobi'le Radio Systems" (SMRS) wei5e encouraged to desigji and operate* \ 
multi-user' systems . For public mobile telephone service 2^/ , the FCC \ 
mandated the provision of public mobile telei^hone service in the "900 
MHz"' band by sophisticated "cellular" systems that featured simultaneous 
use of frequencies by small cells distributed throughotft an urban area. 

The Commissi on past practice has been to allocate blocks of the radio 
spectrum to radio services and then rely upon private radio service 
coordin-ating committees for tf^g actual frequency selection. In^the case 



1/ The ^1 and mobile radio community includes all users of mobtle radio or portable radiov units 
vrfiich comnunicate with base stations at fixed locations or with other mobile unjts. In . 
addition to public safety radio users, major members of the land mobile community include bus- 
iness and industrial users, taxicabs, railroajls and transportation companies, petroleum and 
energy ccwnpariies, all of whom use . radio for their .internal needs. Telephone companies ^and 
radio -common carriers also offer mobile r^dio service and one-way radio paging service Ito the 
public. ^ , • - 

2/^ Th^ distinction between public mobile telephone service and private dispatch service is a 
.'constant refrain in the 900 MHz area. " Public mobilevtelB^hpne service offers two-way com- 
munications between a mobile unit and any landline telephone or others mobile unit; generally, 
public mobile telephone service is used for persona.1 or busines^ conversations of 3-4 minutes 
or more.* Public service is offered by common carriers who are regulated under Title II of the 
Conmunications Act and Part 21' of the FCC Rules- Private dispatch service, on "the other hand, 
^ is' a valMable tool in the internal management of a business or government organization, and it 
js ysed only for communication among ol^icers and employees of the organization: 

Typically in dispatch service, a controller at a dispatch center comnunicates with a fleet 
— orHvehicles or employees in very brief (roughly 5-8 seconds) transmissions related to the 
business at hand. Private radio -systQTjs may 'be operated by any eligible organization, as , 
specified in Parts a^'^C Public Safety), "91 (Industrial), and 93 (Business and Land Transporta- 
tion) of the FCC Rules, provided <a license is. obtained from the FCC: under the applicable pro- 
bisions of the Rules. ' r r . 

• ^ / 1.1 . • 



\^o^ 900 MHz applications, tji^tommission determined to have ^^s .staff ^ 
mdace al 1 ^ the^f requency .'asjs^^g.nmen_ts_j&com-o^ne~Q^ pool of -frequencies, 
ineludirrg ^hpse channels tt^te shared by licensees, w^iere such sharing* 
might be necessary to achieve the--level of channel usage, 'irf terms of 
the riuiillwr ot; mobile units-, it ha feasible and d^esi rabl e . 1^/ 

The Gommissio^n.' s decisions.'f or the, 900 MHz, band were tj>e result of a * 
concerte(f ef^fort by^the regulatory of fi^'-al^, wi tti substantial support 
¥rom the land mobil^e inliustry, to go beyend the • patterns' of the ;past'*in 
th^e^hope- of acfiiev.ing a more effective and ef f ici ent iJse of the '900 MHz 
Jband. • *In pa rtjciTl ar., the. authorization of the prof it-making private \ 
entcepreneurs (SMRS>-ito provide multi-Hjsec service and the selection of 
all frequencies in -Washington were decisions by the FCG designed to 
shape the technical and organizational future of land mob^ile radio 
use. 2/ ^ • . ^ _ 



Because of the broad sco«ie of the 90(J MHz proceedi ng , however , the FGC 
did not explore orydeterftine the pre^rise applicability of its decisions 
to any particular radio service siich as the public safety .radio ^fi eld^ 
In' this study, th-e Associated Pu"bl ic-Saf ety Gommunications Of f icers In^ 
(APCO) proposes to evaluate the effect of the po.l.i-cies established by 
t;he FCC for the"9/0O MHz band , .including the appTicabi lity of the new 
system and technology cp^ntemplated by the FCG for ose in tha^t^band, 
on tax-supported public safety radio users. ^ It will evaluate ^-h^e util- 
ity of "trunked" .technologies for mult-i-channel systems a:nd the. poten- 
tial of non-profit and profit-making suppliers that might bp set up to 
provide these ^runkedl systfems . In addition, it will evaluate the pr^ac- 
tical effect o>{f the decision- to abandon, bl ock or pool frequency assign-' 
ments to particular >adio services and to remove frequency assignment 
and coordi nat^ron from the private radio committees which have been an 
integral p^fft of public safety ,ra<lio planning arid- use. 3/ As part of 
this latter point, attention will be giveh to the staff method of 
selecting frequencies by "vertical stacking" of systems on each channel 
in^turn and the resulting "first come, first served" licensing apparent 
ly^without detailed consideration of the systems to be placed on each 
channel .4/ . ^ . . ^ . . \ 



1/ The basic plan, for the- 806-960 band was^^nnounced in the Second Report and Order , docket 

^ .No. 18262, 46 FCC 2d 752 (1974) and afffrfh^ in a Memorandum Opinion and Order "on Reconsid- 
(gratioh , 51 FCC 2d 945 (1975) • The United States Court of Appeals for the Dlstrlc;t of Columbia 
Circuit upheld the FCC in National /Ass' n of Regulatory Util. Gonm'rs v, FCC , 525. -F Z'd 630 (D.C. 
Cir. 1976). The Supreme Court refused to review the Court of Appeals decision, ^e^ving it the 
^'inal word from judicial authorities 'jf)n the FCC decisions in Docket No. 18262. CeH:, denied , 
425 U.S. 922 (1976). ' ' ^ ^ ^ J " 

* . ■ ' • ' ' * ■ ' ' 

2/ Subsequently, however, the Commission has apparentjy revers^ its decision to delete the 
3 rule of the local frequency coordinator. in .its entirety. - Practices and Procedures for * 
Spectrum Managenent in the Land Mobile Services are ooverned by Parts 89,^1, and 93 of the 
Commission's Rules and are the subject of Docket N©/ 21229, Notice of Inquiry , released May-17, 
1977. For A^CO's Comments on this Docket, see^ApTpendix I. ^ 

3/' APCO performs the frequency coordination, work for many public safety and local government 
radio systems applying for channels in the 150 MHz, 450 MHz, and 470 MHz bands. In Docket 

No. 21229, howevjer, the FCC has begun a broad inquiry into frequency assignments in al^ land 

mobile radio bands and- into the* role of frequency coordination efforts. Notice of Inquiry , FCC 

77-287, released Kay 17, 1977* - ^ 

■ ■ . ■ ' , , . \ -■- . ■ • ^ 

4/ See, Chicago Spectrmit Force 'Will Be Disbanded' , Donal D.- Kavana^, The APCO BULLETIN, 
August, 19/6. ' ' 

. ' - a .' ■ • ♦ ■ ' .-^ 

. _ ■ ■ . ■ . ^ . . • ^ ... . . r 



Cffart T. 1 •^Sfi'ows the/priaci pal freqeeacy ail locations authorized in the 
800 MHz to V;000 Mf/z portions of the spectrum.^ 
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DEflKfTlOtS OF TERMS 



Through this publication, several terras appear- which describe parts 
or the. FCC plan for ifadio systems ?n ^the 900 WHz bancl. . Thr.e follo^^ing 
d;efinitibns are provided far the convenience of the reader* . \ 

.; ■ - . j ' ' ^ ■ . • ■ 'i S 

C-ommunity repeater ; a radio Base (repeater) station and antenna ^X5^ 
, tern 1/ -Jbuilt and bpierated by an equipment vendor or other party who.;i's 
not ^Ticensbd by the FC.C, The ba^e /station and antenna facilities are .-- 
^ J" leased to orgaaizations eligibly for licenses under the FCC rules, and- 

these el igibTes Vbta4n a 1 icens^^f err tjie base station'iand antenna, as 
well as mobile units and ^: control poif^t frpiii which thie eligible's radio 
system will be oper ated. Since the communtl^ repeater jequipmea^t majj 'be 
licensed to more than oneXeligible organ izatio-n, the ar^rangement is "also 
^ cal led "multiple licensing" of facilities for private radi o ,?sys tems ; 

Radio common carrier (RCC) : aa entrepreneur who obtains a- license for' 
base station, antenna, mobiles jand control points from- the FCC and then 
offers mobile telephone service -apd one-way .paging service -^lo the pub- 
lic.^ In concept, the RCC is requi red ^t<r- of f er servi ce to anyone who 
orders it, and this publ ic of f eri ng distinguishes an RCC-operation from 
the private landj(m*ob"ile systems operated for, the internal, bxisiness com- 
munications of the licensee. As a general ma;tter, RCCs and telephone 
companies who bjfer pub-lic mobile telephone service and^paging sei-viq^ 
^are regulated by state 'uti 1 ity commissions, as to their rat^s aad terms 
of service and by the FCC (u*nder Part 2>,of the Rules) for technical 
aspects af service. * . : / * > . - 



Specialized mobile radio system (SMRS) : according to the Reconsider - 
ation decision: ■ \ J 



Under .this categbry/we will license base station. 
, ' , facilities and make their use available (under certain 

■ restrictions and limitations) to persons eligible in 

the Public:. Safety, Industrial and Land Transportation ' 
Radio Seryices. / The SMR system licensee may, in turn, , 
make these facilities available to either an eligible 
individual or to a number of eligible individual in * - ^ 

3' one or 'more of the service groupings set out at 

. Sections 89,8Q1 and 89.802 of the Rules. - ^ 

SHRSs are expected to, provj.de trunked systems for 6 to 20 channels; 
mobile units and control poiints -used with ^SMRS are to be licensed separ- 
ately to el igibl e brganizatiions . The differences between SMRS and com- 
munity repeaters are ithe requirement for trunked operations with SMRS 
and the direct lice}nsing ofjthe SMRS to operate the base station and 
antenna facilities as opposed to licensjing the conjmunity repeater cus- 
tomer for the shared base station and antenna facilities. The primary 
difference between SMRS andlRCCs is the requirement that SMRS serve 
only eligibles in Parts 89 , | 91 , and 93 and^not the general public, a 
characteristic of SMRS operation that removes it from state and federal 
^_ "^-^ common carrier regulation. » / 

Conventional .system ; a conventional system in the Commission's defin- 
- ' -4 ition is: > ! • ' 



1/^ The base/repeater station is called a mobile rele^y station* in the FCC Rules. 

' -k-. 1.3 " ■ ■ 



--j^ : - A method of operation in which one or more radio frequency 

. . channels are assigned tp mobile a.nd base $tati ons. but are * - 

* . not employed as a trunked aroup* An "urban-conventional 
^ . :• system" is one whose, transmitter site is located within 
J 5 mil es of. the qeographic*-center of any of the first 50 
^lirbanized areas (ranked -by population) of the United - 
V' States. 'A "suljurban-conventidnal system^' is one' whose 

trananitter site is located more^ than 15-m^^ ' ' . 

geografinic center of the first Sb . urbanized. area^ 

Section S9. 602 of the FCC Rules . • 

^A conventional system must be operated by an eligible organization or a 
group<of e^higitles under Parts '89 , i9lV and 93 of the FCC Rules (the 
private Ta'n'd mobile radio services)",, byt^ome equipment ii^ay be supplied 
and operated by an ..equ^ipment v-end^oi* as a community repeater facility. 
If more than -one channel ts .involved^ \a; conventional system operates by 
discrete stssignment ot chsiinnels for speoii'ic periods of '«ttme by manual 
means. A conventional system- at ^00- MHz $s/ Viqii ted to five or fewer 
chanrtels under current FCC Rules; larger systems must use "trunked" or - 
cpmputerized-^jchanneL switching equipment. 



Trunked system r -The Reconsideration opiriion gives'this definition: 

In simplest terms, a "trunked" radio system is a 
^\ i, radio communication facility employang between . ^ . . 

^"^-^"^ five and 'twenty channel pairs. Channel access by ' 
atfy user at any time fs controlled by a computer 
which -assigns that user the first available channel' 
or places th^ "call" in a waiting line untiV a cir- 
i cuit becomes available'. \ 
*\ >" . • 

Trunked technology c^be used with any, system of two or more channels^ 
The^FCC has required a^l systems at- 900 MHz with moi^e than 5 channels - 
to dse trunked technol ogy , based on the view that the switching tech- 
nology is faster and juo^e efficient than other- systems^. 

, - * . \ . . 5 

Cel lular system : a high capacity system i n' whi ch -a geographical . area is 
divided Into a number of smaller areais cal 1 ed - eel Is . ' Radio ch$innels are 
assigned to each eel 1 , "anrf^non-adjacent eel Is share chanrrels in order tc 
limit the total number of channels needed by the system. ^^When- a mobile 
unit using the system travels from one cel'l to another, its frequency 
is automatically switched by the base stations to accord with the fre- 
quencies assigned to each. cell. Under FCC Rules, cellular technology 
must be proposed . for any publ i c radi otel ephorie system planne^d for 
900 MHz frequencies.-. Developmental applications and simpl if ied xall or 
pre-cellu-l^^r applications will be accepted in the early :st^es of the 
900 MHz program. <2 ' ■ 

Planned system :^ A planned system, refers to a telecommifni cation network 
config;ured' ta integrate thie policies, procedures , equipment , and person- 
ell required to fulfill the communication -requirements of tax-supported 
public Safety entities .Such, systems normally involve extensive .time 
for requirements definition, design and funding approvals , procurement, 
implementation, test and cut-over. They are usually designed to satis- 
fy the total commanications requirements of one or more tax-supported 
agencies. They^ frequently involve coordination of responsibilities of 
several; agencies or levels of government and require the commitment of 
financial and spectrum resources for protracted periods of time. 
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2* '^^' THE OEVELOPMENT OF DOgt$£T NO. T8262 CONCEPTS '' u -^v 

— ; ^ — r- — - . * • \. 

2.1'^' . THE INQUIRV PERI^FD 1968-^974 ^^ . ' • * ' 



■•X 




'The frequency band 8l)6-960 MHz wa-^' origl iral assigned for use by UHF- 

TV, certafn inc^ us tri al equi pment , and government ^experimephts .T/ By the 
' n>id-1960's, however, i nvesti^atio'os beg^an into the -use of the UHF-rTV . 
. frequency band anrd the government frequencies for the relief of crowded 

' ^* -land mobi'le ract'i o servi ces . The> land mobile community had outgrown 

- '^^rtg.inal allocations in the -2.5-50 MHz and 150-160 MHz bands, even though^, 
the- initial c^iannels were ^IHit several times to achieve 1631 channels / 
S> in the same spectrum space,.2/ Channels in the 450-4?0;MHz barfd were 

> .^allocated:, in 1949, splint in T96.6» and . still crowded by 1968.2/ The 

^ ■ need for addi tional,^sg?ectf*um for long-term relief wa-s voiced i-n Con- . 

gressionaT hearings/,: to .the Executive Br-anch and- to the FCC-4^/ 

" The search -for new raclid space to accommodate land/mobile needs quickly, 
centered on tfie broad ^allocation given^ to UHF-TV, then a small and un^ ^ 
.successful .servi ce striiggl ingT with the preemi nence of .VHF-TV stations. 5^/ 
After considerable promoting ' from land mobile users and its internal 
' Advisory Committee, the F(?C announced two i riqu i ri es , one ' proposi ng 

sTia^ed use of the lower portion of the UHF-TV band next to the 450 MHz . 
land mobile channels and one propos.i ng to real 1 ocate the range of 806- 
890 MHz in the upper UHF-TV band f or- 1 ong-term land mobile spectrum 
- * rel ief . 



In the first inquiry , Docket No, .182:61, the Commission proposed to allow 
lat^d mobile 'users access -to one or two of . the lower UHF channels (chan- 
nels 14-20* or 470-512 MHz) in th.e ten largest urban centers. 6/. The 




y The^UHF-TV assignment of 470-^890 JlHz* was made in 1951. The band 915 MHz + 25 MHz (890-940 

MHz) was allocated for use of certain industrial , scientific and medical (ISM) equipment in 
1947. ' The government also used portions of the 890-'942rMHz band beginning in 1958. this 
time, ^and^ mobile users shared bands. See generally ,- Frequency Allocations 25-890 M/cs , 39 FCC 
567 (1964); Notice of Inquiry and Notice of Proposed Rulemaking., Docket No, 18262, 14 FCC 2d 
312 (196S). * 

*2/ Docket ,18261 r Second Report and Order , 19 RR 2d. 1585, 1591-92 (1971) U.S. Dept. of 

Commerce, Electromagnetic Spectrum Utilization - The Silent Crisis at 12-13 (19660 . The 
expedient of making two channels from one was possible because of technical improvements to 
T*adio equipment that made it less likely to transmit and/or receive signals removed. from the 
assignment channel-. , ^ . 

3/ See, Channel -Splitt ing in the 450-470 Hc/s Band, 11 FCC 2d 648 (1968). In this time period 
Tand mobile^users grew fromJ2,Q00 licensees (.1-949) to ?90,000 licensees opera:^ing three ^ 
mil Won transmitters. Docket Nop.. 18262^ Reconsideration, 51^CC.2d at 9^3. 

4/ Th e sjl^nt Crisis , supra ; FCC / Report of the Advisory CoCittle for the Land Mobile Ra^dio 

. Services (196/); Hea rings bn the. Allocation of -Radio Frequency and i^^^^g<^'^ ^"^^ 
iness, be-fore Sub-committee 5 of the Select Comnit tee on Small Business, 90th Congres^.2d 
; Session (1968); Report of the President's Coninission on Law Enforcement and 9\dmin1 strati on of 
Justice (1968. 

5/ In 1951, the FCC allocated 420 hWz to UHF-TV* set up as Channels 14-83 to -augment the VHF 

Channels 2-13. By 1964, however, only some 200 of the 1550 available UHF channels had been 
applied for. Frequency Allocations 25-890 Mc/s , supra , 39 FCC at 595. 

6/ Docket No^ 18261, Notice of Proposed Rulemaking , 14 FCC 2d 297:^299 (1968). The lower^ ^ 

Cb channels, 470-512 MHz, were chosen for limited, immediate relief because of theit;. proximity 
to land inobile channels tn the 450 MHz bapd and the ready availability of land mobile equip- * 
ment for that band. With the ronaining 69 UHF channels, moreover, the loss of-one or two 
channels to land mobile use was not considered fatal to UHF-TV movement. 
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Tes retogniz'ed the need fo^^fx^Lsfv^lnnn ""CC ^nd land mobi-le pgrt- 

allocations aful^iriore efficiPnt r^^-.^ 'u^" relief through broader . 

set as thevgoal^rthellc n%"^n'q IslII °^L'ff 

the 900, Mftz band. ^ • ' ^-^ ' pocKet No. 18262, rea 1 1 ocati on^ of 

lang-?erm-sSectrum re??ef^n3 e systenvs of Parts 89. 91, and 93 fo> 



.1/ Docket No. 18261, Secolid Report and Order . 22 RR 2d 1691 ISQ^ Qt; f^Q7^\ T^, * ^ 
discrete assignments ot a number of channels to P;rrh ^^hV^ l V^^-,^-^" ^he system -of 

government, etc.) was known as the "block grSt" metS vf^t^'" fire, local- 

• channels for n'liinedfate use and for long^lS nlann^^^^ 

services grew more quickly, than others"\ow^er JEe^lock iriif '^y'^f 
pattern of relative feast "and famine untiV^rchanLls wprfJ^^ r^*,'''"^'*""'^ ^ checkered , r 
. was meant to insure more flexible uL of f^^.L^^!.^ ! ^^]led. The service pool concept ( 

.3/ 19 RR 2d 1663, 1664-68 (1970). The broadcasters, represented 'chief 1 vbV the Association 

as rapiS?J'rexoSed 't aTftT '^'T^ ' ZT' '''' ^ '"^ mobfJe servl^e'ias'nof ?ow?n' ° ' 
fL^K^^v. expected, that its growth coultl be accommodated by^more efficient spectrum use 

JSsi's'tidles w^'rfre u;;2^n ' 1??^^'?''^ ''f broadcasting auxllJIry stalS. ?he 

T&7mF^hfn;^^^^^^^ ^^-^^!:^^ ^"^^"^ ^egun arguing for a large allocation in " 

tfie UHF band for a broad-band, multi-channel, high-capacity system UHP Allocations 

■ isgff-^ s'e^^rc^^^af ?s";L°ed'^^^^^^^ iKe^llu^ar ion^eg-"'for^^^ 

, rooDiie service was discussed in The SiTent Crisis and the FCC's Advisory Coimiittefe Resort . . 



5/ 19 RR 3d at 1655-66. 
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The .Cocwnission ts hopeful that AT&T, as well as - 
Qthers, win undertake a comprehensive study of 
roartcet potential s- r optimum .systqin configurations 
and equipment design looking toward the develop- 
vment and implementation of an effective, high 
capa'^^'coiiinon caa[:rier- service in the band SOS- 
SSI ffe.T/ Parties intending to. undertake such" 
' r studife are ^quested to, so indicate t^p the Com- 
5 - mission within 1^6 days of the release 'of this 

I \ action, including therein their estimates as to 

' > when- such studies will be completed, 

■ * * *• < . ' 

\ . • . Interested parties are encouraged also to submit 

\ ; proposals within 180 days, with -respect to the > 

V manner in which the frequency bands 8S1-902 and • 

5 92S-94-7^MH2 can be most effectively used in meet- 

' ! ' ing tha needs of the private 1 arid mobile users. 

\ We are looking particularly for innovative tech- 

I • . n-iques applicable^ to bands thus far uncluttered 

ij " by land mobile sy{5 terns . ■ • ' 



1? RR at 1676-77 (emphasis supplied). , . ~ 

The period 1970-1974, between the Second Notice of Inquiry and the • 
Second Report and Order, 46 FCC 2d 752 (1974), was one of study, debate 
and development for the Commission and i nterested parties. AT&T pur- 
sued "its plans for a cellular system that would allow city-wide mobile 
service by -re-use of a number of f requei;rcies .2^/ 

A key aspect of the AT&T plan was a comprehensive. system for all mobile 
* services' including dispatch services, and the carrier argued strongly 
for an allocation of 75 MHzfor eel lul an systems offering public tele- 
phon-e, air/ground and dispatch service on a common carrier bas.is.3_/ ^ 
Non-carrier parties stressed the beneficial role of the present com- 
petitive system 'for both public and private service and argued as 
>rStrongly that the wireline carriers shoul,d,:^4TOt'-be permi tt«d to extend 
" thei r monopolies over all mobile telephone Service and dispatch service 
by means .of the unprecedented 75 MHz al 1 ocation and; the monopoly re- 
sources of« the Bell System.^/. ' ^ , 



1/ The band 806-881 MHz was tentatively allocated to the public mobile _servi.ee because the 
Commission considered its location away. from the 915 MHz ISM band essential to an inter- 
ference-free public service. . Second Notice , 19 RR 2d at 1674-75. " ^. ^ . 

2/ * AT&T. Comments and Technical Report, Dec. 20, 1971 ; ^T&T Comments, July 20, 1972. The 

cellular approach ais discussed by AT&T envisions dividing a city into many small cells, 
each* with a poijtion of the radio channels assigniarf to the system. Each geographic cell would 
be assigned the number of frequencies it was most likely to use efficiently. These frequencies 
would not be assigned to adjacent cells. Calls would be switched from cell to cellMand 
frequency to frequency) by central .computer switching facilities connected by wirelines to the 
base stations serving ^ach cell. The base stations would'operate at Tow power levels to pre- 
vent interference and allow re-use of frequencies by other cells. AT&T's original cellular 
plan envisioned the offering of public telephone, air/ground, and dispatch service, using at 
leasr74 MHz qf spectrum. Motorola, Inc. and RCA submitted studies and proposals for cellular 
systems on a more modest scale than AT&T's., 

3/^ AT&T Coninents, July, 1972. ; V / 

4/ Connents of General Electric Company, RCA, and Motorola, Inc.,^Oec. 20, 1971; Comments of 

" 6E* and the Land Mobile Sec tijon of the Electronic Industries Association (EIA), July, 1972;^, 
Coimients of the Justice Department and the Office of Telecommunications Policy (OTP), filed" 
Aiigust 17, 1973, were instrumental in persuading the FCC against the 75 .MHz grant .to the com- 
inon carriers. ^ • ^ * 



.Wdthin the^ private land mobile community,, the debate centered on the 
method of encouraging most efficient, use of frequencies ^hile providing 
the users* needs. Motorol a 'and ' the Electronics fndustries Association 
(EIA)> Srgjjed for 'a corttinuation of single user systems ^nd a sp-ecific 

*alloc^t4b'n of fi^equenci^^- Tor them on the grounds that Single- user sy^s- 

.^tems would bring^'immediate relief- to the bulk of 'l and mobil e users. 1/ 
^' -^Motorola, also defended the "community repeater" type of mul ti -channel 

■operation in .whnch base stations a/e used by several licensees in con- 
nection. with their own;dispatching faci 1 i ties or control points. 2/. - 

* . General Electric and RCA saw a role for larger single-user systems but 
. argued, that the more numerous medium and small -sized single-user sys- ' 

.4 terns Kould be served most efficiently through shared, multi -channel 

^\ systems. The RCA system followed a cellular mod-el and' offered a^high 

^ • ; capacity system for a given block of ' f requenci es v_3/ Genera-1 El ectric " s 
: proposal involved trunked or computer-switched channels that could- 

accommodate up to 3000 mobiles* per MHz with only 10 seconds^of-w^riti^g — 
time for access. 4/ ^ „ ' - - . ' ^ 

-T'irSj) e'eCKTii g -as~^'arTira j oVus e r of private systems,- APCO argued that the' trend 
of private systems in the public safety radio field testified to .a need 
for sig^iif icantly more radio spectrum and'greater flexibility in its 
-use. In its oral presentation to the FCC, the APCO representati ve sum- 
marized' the statistical studies predicting heavy growth for pu^blic safe- 
V ty radio use and focu^ed^on the varied tasks and systems contemplated 
for public safety radio services : response^ to the "911" emergency 
number; computer-assi s teB call -dispatching; automatic vehicle" location; 
use of personal radios for foot- patrolmen*^ mobi 1 e teleprinters, and 
facsimile equipment; use of auto'raatic. al^nm and signalling devices; 
roadside emergency cal 1 . boxes and highway' monitoring' systems. 5_/ Other 
land mobile users echoed APCO's presentation of the need for a suffic- 
ient allocation tio the private services and the premature nature of-a 
75 MHz grant to the common carriers. -e/ ■ , 

2.2, SECOND REPORT AND ORDER 

The Second Report and Qrder which set forth the' permanent allocations . in 



y Motorola Comments, Dec. 20, 1971; EIA, July, 1972. The EIA is a group of equipcnent manu- ^ t 
facturers- 

2J\ Motorola Cornments, Dec. 20, 1971, at V-4 V-6. The community repeater base station*, 
shared, by a number of private systems, is defined in Section ?.2. See alsa . Multiple 
Licensing Safety and Special Radio Services , 24 FCC 2d 510 (1970). - . 

3/ RCA, Dispersed Array System, Dec. 20, 1971. 

4/ General Electric, Dec, -20, 1971 . The General Electric system would operate like a^tele- 

^ phone exchange where channels are assigned when a user calls in and reassigned at the ter-^ 
mi nation of the cal V. ' With computer switching, •6E maintained, a shared, multi-channel system 
can achieve ^great eff-eciencies over analogous multi -channel syslems that are switched by oper- 
ators manually or with automatic terminals. 

5/ Argument on Behalf^ of APCO and International Association of Chiefs of Police (ICAP), by 
James R. Cooke; Hay 15, 1973, Tr. 774-84. . . 

6/ Land mobile parties appearing at the Oral Argument were the Nationaf Association of Busin-^ 

ess and Educatiprta^ Radio, Jnc. (NABER) and Special Industrial Radio Service Association, ^ 

Inc. (SIRSA). -Equipment manufacturers, wireline comnon carriers, radio conmon carriers, and ^ 

broadcasters also argued before'the Commission. - , \ ) ' 

-t»> 
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the '9'op MHz band reflected all of these vi.^ws plus the cbnsi'derabl e 
internLl study, of tb.e FCC staff. ^ . . ■ 




2.2. 1 The Al locatioTi P'eci sions : The Second Report and the Opi ni on- on Recon- 

.' s i d e ira t i on ' • ^~ ^~ ^ . . ' " ■ 

"' In the Second Report and Order . 46 FCC 2d 752 (1974), the Commission 

adopted ATil ' s proposal for eel 1 ul ar, systems for public mobile telephone 
.service, ruling that only cellular systems, operated by wireline tele- , 
phone companies would be 1 i censed for publ i c service at 900 MHz. The 
cellular systems were given 40 MHz with-which to provide two-way mobile 
telephone service, bna-Way paging service to individuals, and some dis- 
patch service to indi^viduals , but not the "fleet ditspatch" commonly, em- 
ployed in private systems.!^/ The Commission determined that the ex- - 
'——pens-e. spectrum requirement, and wide coverage of a- -mature cellular sys- 
— ' tenv^d^ictated that on.ly one system in each urban area waul d. be^feas i bl e . 
To meet the- concerns of rarjH.o common carriers and others, who feared the 
■ -competition comprehens i ve , : s ubs i d i zed cellular systems, the Com- 
m^ss.ion limited 'telephone companies to one cellular system, which must 
be" provided by a separate subsidiary pf the w.irelin-e carrier, 2_/ 

For private systems, the Commission authorized 30 MHz of spectrum, two . 
technologies, and four means of obtaining service-3/ The technologies 
were "truafced" (or computer-switched) systems and con ventti ona 1 sys- . 
tems as used in'the lower bands. 4/ The trunkedsystems were clearly 
encouraged, however, as the Commission allocated 25 MHz to trunked_ 
applications and only 5 MHz to conventional applicartions-S/ Standaras 
were set forth for both trunked and conventfonal systems, governing - 
anten-na height, power, emission, and other operating parameters. 6./. :. 
For purposes of separating co-channel • systems and the establi.shment or 
standards for channel loadthg, conventional systems were further classi- 
fied into urban and suburban systems depending on the location of the 
base station. 7/ In addition, "channel Voading standards" or specified 



1/ 46 FCC at 760-61. "Fleet dispatching" , in which a base station contacts all mobile units 
" simultaneously, was not allowed in cellular systems, since fleet dispatching involved 
radio use inimical to the one-dn-one communications with which re-use of frequencies by cells 
is most feasible. Dispatch service ot^Al kinds, however, iiacl -been a staple of the smaller, 
competitive radio, common parriers aricl private radio systems, not the monopoly-based wireline 
companies," and thS: entry of the monopoly carriers into the di.spatch market was /strongly 
opposed by non-wireline parties. - . . 



2/ 46 FCC 2'd^ at 760- 



3/ The four methods are discussed at Sectfon 4.1.2. , 

4/ Conventional 'S^ystems may have -more than one channel and may be shared -by -several users by 

means of an automatic terminal or afmanual dispatcher. The differences between cqpven- 
tional and trunked systems are discussed in Section 1,2, . ' - 

5/ Because the Conmisslon viewed trunked systems as more efficient, conventional systems 

seem to have been considered interim systems pending the availability of economic 
trunked systems. 46 FCC 2d at 754-55, 771-72. 

6/ The final technical, rules are embodied in Subpart S of Part 89. A sumnary of the tech- 
~ nical requirements are discussed below at § 2.2.2. 

7/ 46 FCC 2d at 774-75. Because of the anticipated trunked technology and- improved radio 
equipment'' and'because of the 45 MHz base-mobile separation, the Commission determined 
that adjacent channel pf^tecti on would not be given to trunked systems or- the interim con^ 
ventiorial system. Id^. at 773. " 1 ' 
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numbers of mobile units per channel v^ere adopted as the primary 
mechanism for assuring efficient use of ^ach chanjiel . In the 900 MHz 
band, channels were to be selected by the FCC staff from -a single pool' 
V frequencies, and each channel in a geographic area was to be loaded 

with .applicants up to its maximum number of^bbiles before the next " . 
. channel in the pool would be assigned* 

• - • . " r ■ - ■ 

2 . 2; 2 " Licensing Criteria ' ' * 

2:2.2.1 General ' ' • • - ^ / 

The FCC has adopted regulations guiding the allocations of channels to 
potential users. A summary of these rules, as they apply to the/public 
safety users of the 900 MHz spectrum follows. / 



2.2.2:2 Limitations on Power and ^Antennae Height 



The j;^OJnmission has established tables of antennae heights v. effec^tive 
radiated power (ERP) for base station operation. For trunked systems 
and urban conventional systems the'ERP shall be no/g.reater than 1000 
and the antenna heights no greater than 1 ,000 feet above average ter- 
rain (AAT)* For suburban cpnventional systems,^the maximums shall be^ 
500 W. aad,.^500 feet AATI Depending upon the ^requi red radius of cover- 
age,, these figures must be scaled down in accordance with the^ Com- 
mission's tables. * ' - ^ ^ 



W. 



The maximj/m power, output of the transmitter for mobile stations is 
100 w. ' , . / 

For the definition of "urban arear" see the list of ttie fifty majo'r 
;metropol i tan 'areas in Sec ti on 89 . 751 (h) of the Rules. > 

2.2.2.3 Channel Loading Criteria ' . 

-In conventional type systems . .channel loading criteria f or ^publ i c .safety 
* • systems are; as follows: 
* - . ' ^ ' Pol ice and Fi re Oth^er Services 



Single liccrnr^e user 
2 to 5 licensees/users 
over 5 1 i censee,s/u,sers' 



50/100 

40/80 

30/60 



150/300 
125/250 
100/200 



Numbers indicate the' number of mobile units per channel/number of port- 
able units per channel. For the purposes of channe-l loadi'ng-, the Com- 
mission considers ^ one mobile unit 'the equivalent to two portable units. 

The number of njiobile units required- per sy.stem in a trunked system' is: 



Police and' Fire 
Other Servi ces . 



5-channel 
■ system 

300 
400 



1 0-channel 
system 

750 
800 



20rchannel 
s tem 



1500 
1600 



For the purposes of loading" criteria, no distinction is made 'in trunked 
systems between mobile and portable stations. 

The following criteria pertains to the establi shment of 900/MHz systems 
near the borders of Canada and* Mexico : - ; ^ - ^ • - 
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a) No base stations will be authorized within 100 miles of the 
- Canadian/U^S. border; and between 100 end 125 miles of the 

Canadian border such stations will require speciil'^arrange- 
ments between the FCC and Canada. Between 125' and T45 lniles 
SOO W. ERP and 500 feet antenna height^will be the maximum 
.allowed. Beyond 145 miles, th^ usual rul esapply^-. Mobil e ^ 
'ijnlts may not operate within 90 miles of th« Canadian border • 
* 1 and within 145 mi 1 es are - 1 imi ted:, to 200 Vl. ERP. All stations . 

/ ^within '250 miles of tfie .border will be authorized only on the 

y condition that ntf harmful interference to Canadian TV resfults*.. 

b) Presently, base sta'tions are authorized within 85 miles of . 
the Mexican border* in California, but not within 100. miles 

. in Texas, New Mexico aad Arizona. The attenae height^ {jtnd,. 
power restriction are iiri effect in California betweenr.85 and 
and 125 miles and between^^lOO and T25 mi 1 es i n the other States, 

^ » ' ■ ■ '. ^ ■ 

2.2.3 Frequency Assignment and Coordination 



To accommoda'te the enlarged FCC ^ staff role in assigning aind loading 
channels, the procedures for processing applications, were modified from 
practices that have been fol 1 owed wi th applicati ons for the lower radio 
bands. Because of the tremendous vol utiies of appl icatio-ns under Parts - 
89,, 91, and 93 of the Rules, the FCC staff relies on certain technical 
-criteria and voluntary frequency coordi nafti on efforts to el imj nata .non* 
compliant or non -compa ti bl e ^appl i"Cati ons ^ Applicatioas for licenses ir^ 
the 15CyMHz, 450 MHz,' and. 470 MHz fcffeinds are checked against specific 
rules for power, emission^ antenna heighyt, numbers of mobile units and - 
the l-fke, and non-conf ormi ag submissions are usually returned.. The re- 
mainder are granted on-. a fairly routine basis since compettti ve protests 
are not allowed and most technical or frequency problems are solved by 
the service's frequency coordinator or advisory commi ttee. !_/ " . 

The Commission proposed 'to adopt the same system a^t; 900 MHz because of 
tts^amil iari ty, but with the Important difference that: the staff. would 
make the frequency assignments, including shared ass ignijients , from x)ne 
pool of frequencies, rather than relying upon the . tentative assignments 
from a service pool of frequencies recommended by the volunteer fre-^ 
quency coordi nator .2/ ' ■ ' ^ 

The matters of freque'ncy assignments, mandatory shared channel s from one 
large pool, apd the "first in/first out." processing system, 'were^ in 
fact, 1 arger "changes in the licensing procedure than the> Second Report 

.appeared to heave recognized. At the lower bands, frequency sel ecti on 
and sharing of channels^are worked out largely' by coordinating com- 

-mittees of asers in the'various radio servi cesi working with pools' of 
available frequencies. While these committees have an advisory role, 
in practice their frequency selections are made' after considerable work 
with the appl icarit^'and are^ normal Ty accepted by the FCC staff who then 



^ 1/ In the tower bands, most services haviB an association of licensees who perform' frequency 
selection advisory services for new applicants. The Commission has recognized the value 
of private ^frequency coordinating organizations such as APCO and has relied* on them for help in 
resolving interference problemis. Docket No. 18261, Second Report apd Order , 22. RR 2d 1691, 
1704-05. ' ' ' ' 

2/ 46 FtC 2cl at 769-70.' Recently the FCC has undertaken a review of frequency coordination 
" Vrocedures for the '900 MHz band to consider, ^among other things, whether the user-provided 
frequency coordinator should not be accorded a greater role than was originally contemplated. * 
. See also . Notice of I nquiry ,- Docket No. 21229, FCC\77-287, May 17,-1977. See Appendix I. 

■■■ ■.: ■' ■ / ■ 
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-make the^formal assi gnments -lA With the staff assuming responsibility 
.for all frequency selections at. 900 MHz and assigning the frequencies 

---- f rom -one J arge -pool- rather -than - from service pools- or bVocks^r 1-" " 

cants may find themselves without the detail ed pi a nni ng and support ser- 
vices rendered by th-e frequency coordinator. The "first in/first out" 
processing^system and the poSLSibi 1 1 ty of. mandatory sharing of channels 
- compatible systems may result in a mixed pattern of radio systems 

Jnd services on the same and ad jacenf channel s .2/ Unlike the system 
long^in us* in the lower bands, users will have~little assurance as to 
which :frequency will be operated in their geographic or spe-ctrum vicin- 
ity and therefore what possibilities for future growth are available. 

'"I'^slly ,- this procedural system is to be applied to the /our means of " 
• providirjg service authorized by the Second Report. 

2-2.4 Methods of "Service " ' 

As in the lower bands, individual, organizations eligible for licenses 
under Parts 89, 9T, and 93'Of the Rules can apply foK one or more dis- 
crete channels for a single-user private system. 3/ Eligible organiza-' 
P°!?f:,"" ^VP'iy for channels as a group proposing shared use of the 

tac.ii-ity and its management by one of the sharers or a non-profit radio 
service entity .£/ - ' 

As a third al ternati ve, ' el i gi bl es can procure service from an entre- 
preneur called a Specialized Mobile Radio System (SMRS), wlio is licensed 
to offer base station service on a profit-making basis. 5/ SMRS entre- 

^'"^.i? stand in the shoes of their eligible cuFtomers regarding 
compliance with technical rules and use of the facilities. However, no 
^Sic be made regarding rates charged to SMRS customers, and 

iMKb will -not be considere.d. rad/fo common carriers. According to the - * 
commission, the authorization of a profit-making SMRS- would attract cap- 
ital needed for trunked -systems and the radio expertise needed but uh- 



1/ These 'Coordinating committees, including APCO, are normally established within geographic" 
regions so that local users work together to achieve the best use of the frequencies allo- 
cated to their services In the area. 

2/ The only modification from the "first in/first out" assignment plan seems to be in the case 
', of community repeater systems, as -discussed below. - 

3/ The reader-should recall that the trunked or conventional technologies apply to the number 
_ of channels in the radio system, regardless of the means of providing the system. Under 
the current Rules, Section 89.805, any radio system needing more than 5 channels must use 
trunked technology. 

- ' ■ ■ . ' " . r^ ' 

4/ 46 FCC 2d at 762-63. ' / . 

5/ An SMRS is an equipment supplier or other entity which designs and builds base station 

facilities to be used by one or more private radio stations. The differences between SMRS, 
community repeaters and radio common carriers. are discussed in Section 1.2. 
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ava i 1 aMe^ to many smaller eligibles.X/ However, the Commission re- 
quired'^the SMRS applicants to show that the control points and mobile 

. unii^S 'us^ed" wi"t:h "SMRS^woul d " b^e owned^^^a git»l eindivi duals" ■ 

or. organizati'ons . 2^/ * . 

The fourth alternative is service from a traditional cpmrnu^nity repeater . 
operator who supplies base station facilit^ies that are licensed to a 
^number of eligible organizations . 2/ ' " 

2.3*; THE RECONSIDERATION DECISION . \ 

Virtually every aspect of the Second Report was contested in petitions 
forrits reconsiderations The decision to license only wireline carriers 
to operate cellular systems was attacked by non-wireline carriers 
while AT&T objected to the reduced al 1 ocati on- f or cellular systems and 
- • the requirement of a separate corpora-tion to offer the mobile service, 

C designed to protect competing carriers from a subsidized cellular sys- 

tem._5/ T*e decis^ion to 1 i cen s e SMRS 'to offer service for pro;fit but 
not to regulate them. ^s common carriers was also controversial, with a 
•-number of parties arguing that .the Commission had no-authority to ab- 
stain from common carrier-type regulation of any entity offering com- 
munications- service to others. 

Other parties urged the error of federal preemption of state regulatory 
actions in the 900 MHz area.,6/ the ambiguity. of the "ancillary" dis- 
" patch services allowed by ceTlular systems, the restrictions on the num- 

ber of trunked systems operated by equipment companies ,7^/- -the failure 
to .provide for non-voice communications and limited fixe,d operations and 
the mechanisms to facilitate the. movement of users from 1 ower^^ bands ' to \- 
900 MHz in phases. 8/ 'The problem of real 1 oca ti ng UHF-TV channels for 
land mobile in.:the U.S. while TV systems operated on the same channel s . 
in 'Canada ai\sJ Mexico was also brought out. ^ " 



1/ 46 FCC 2d at 764-67, 781 . ; ; , 3 

2/ 46 FCC 2d. at 769, 789. An SMRS; offering service, to the public at large rather than to 

only a. few eligible organizations would be in competition >^ith the radio Common carriers 
whose- ra±es are regulated by the state regfulatory conmission. Limitations on the number and 
type of^bfitomers served by SMRS are therefor^ key to the{ip unregulated status. 

3/ Communim/^^epeaters are discussed extensively below. See Section.. 4-. 1 .2.5., V 

4/ Petv^'ons fdv Reconsideration of Airsignal International , ^Inc^ , NARS, AT&T. Motorola 

advdcated restricting cellular systems to an initial 12.5 MHz grant until the developmental 
phase proved the viability of the concept and sufficient demand for the service develoj^^ 

5/ Petition for Reconsideration of AT&T: ^ - 

- ' ' ' - - . ' 

6/ The Commission determined* that orderly and efficient development of the 900 MHz spectrum,: 
^ required a nationwide plan. Accordingly, its federal powers were asserted to prevent any 
contrary state action such as regulation of SMRS as ratdio common carriers. 46 FCC 2d at 766-67. 
The National Association of Regulatory Utility Commisstoners (NARUp), an organization of state 
regulatory officers, challenged this point in particular. . 

7/ Petitions for Reconsideration of Motorola and Land Mobile Communications Council , an organ- 
. izatioh representing mobile radio users. 

•■ ■■ . ' ^ ' ' "■' . ■- " 

8/ 'Petition of Land Mobile' Conmini cations Council. «^ • 
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The decision bn reconsideration answered most of. these competing con- 
tentions an;d set the initial working rules for 900 MHz appl ications 
._.Th.e..ce.l.lu.Iar sy^tem.-approach-wa-s. modi f i ed- so that- appl ications woul d be 
accepted . from any grou p- 'tha t^ coul meet rigorous tech n ical a nd financial 
criterVa for buildi.ng a developmental system.* The separate corporation 
requirement was affirmed for wi re^l ine carri ers building cellular systems 
but developmental systems were exempted from its strictures ' * 

i' ' " • 

For private systems, the Reconsideration decision al so ^affirmed the 
option of taking service from a' prof it-oriented SMRS, In the Com- 
mission's view, it '.possessed sufficien't authority* to adjure common car- 
rier rate regulation of SMRS where technical ' regulation wou 1 d . s uf f i ce 
•and competitive forces wouJ d control ^ pri ces .V The decision ported 
out that the di rect 1 i censi ng. pf mobile units and control stations to 
SMRS customers rather than to the SMRS base station, the technical, rul es 
as to> channel loading and use of the system, an'S^ the. users ' options of 
applying for individual and non-profit share'd systems, woul d keep the 
SMRS. in check. 2/ . ^ 1 ^ - ^ . 

On technical points relating to priva-te systems , the Commission made 'an ' 
accommodation i n its co-channel spacing land coverage ral es for the Los 
Angeles area and - pi edged a degree of f 1 exi bi 1 i ty. i n a pplyi ng its -techni- 
cal rules where other uniqiie si tuations requ i red consideration Non- 
voice communications were allowed in single-user systems and in trunked 
systems .i f u Sled for establ is.hi ng and maintaining communications within 
the trunked system,. and other mi no r techn i ca 1 • revi si oWs ^ere made,4y ' 
On other policy issues, the Commission stuck Uy its decision to encour- 
age trunked. systems over conventional, systems 5/ and 'toVequire- 
efficient use Df all assigned channels through the mandatory loading, of 
channel s with mobile units slvertly after l.icens i ng .£/ '.The decision to^' 
have. the FCC staf fr'ass i gn all cha»nnels from one pool of frequencies, on 



X/ 51 FCC 2d at 959. Append ixvB to the' decision' gave a further legal defense of the SMRS 
option. - ' y 

ZJ* 51 /FCC 2d at 961. In- this passage the Commission affirmed the intent to license SMRS with- 
out regard to the need for the service or economic protection to other entities. The bene- 
fits to be. derived from the open-entry SMRS policy e^e set out at 962-72. 
»■ 

3/ Jd^. at 979-80.^ The geogVaph/ of the Los Angeles area was said to frustrate the urban- ^ 

suburban spacing scheme for conventional systems, and the rules were modified to allow 
"wide area, coverage: by' stations exceeding' the normal technical limits, one kilowatt of pqwer 
and an antenna ^Jlacement over 1000 feet above average 'terrain. _ 

4/ Id^. at 980-82. Non-voice or digital conmunications are used in certain vehicle location' 

systems r 'and tone-only imaging , systems. It is expected that public safety systems" will 
incorporate additional digital communication features. 



Kpectei 



5/ .^Conventional systems are limited to five channels ; larger systems must use trunkinq tech- 
nology, -rd} at 983-85. ^ . . 

6/ Id^. at 983. The decision requires a' private system to be loaded with 70%* of the mobile' 

units specified on the application within 8 months from licensing-;- .K channels are not 70%. 
loaded, within the time limit, other applicants can be^assjgned to tha.sam^ channel until its 
loading maximum is reached. Ad^'tipnal channels may b^e assigned to a system when 90% of the 
mobile units specified as the channel maximum have TDeeh place3 -on^the channel. 
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a ''first in/first out" .basis , was * al so affi rjnecl although limited modi- 
ficatiops Were made.V" The Commission acknowledged the problem of 

_-.--lnco*mpatii)'Ie ,1 a nd-mob,i-lfi--and- UrfF XV sys±-ems-..opera-t.i ng._a-Iong - the - Canadian 

harder, and its Rules provided that U.S. land mobile systems should 
operate on a secondary bas-is to any Canadian or Me;cican TV stations. 2^/ 
At the same time assurances were given of further effort at coordination 
at some time in the fjuture.-S^/ 

2.4 THE COURT ;\PPEALSv 

In' court appeals o"f the Second Reports and ReconsideV-a^ion , "^parties 
challenged the allocation of 40 MHz rather than 64 WHzT to cellular sys- 
* tems the authorization of SMRS on a non-commo n ca rri er basis and feder- 
al preemption of state acti ons in the 9,00 MHz area. 4/ The United 
States Court of Appeals fo-r the Distriidt of Columbia circuit affirmed 
the FCC'on all p'^oints', although reluctantly in ihe cas.e. of several, 
aspects of the 900 MHz plan. For example , the/ael Tular's approach 
arid its 40 MHz allocation were challe.nged as 'c^^rntW ng the Bell System an 
effective monopoly over the urban radio-tel epft-one market including dis- 
patch servi ces .'5^/ The Court found' the Commission's 40 Mi^^ al 1 oca ti on 
decis'it)n to be "precisely the sort that Congress intended to leave to 
the broad discretion of th.e Commi ssi on , by imposing a broad public con- 
venience, interest or necessi ty s't'and&rd*. "6/ . 

The SMRS decision also drew a 1 eng thy aaa lys i s from the Court, address- 
ing the nature of common carriers and the appl ication of'common carrier 
principles and regulation. The -Court hel d that the single most distin- 
guishing characteristic of a common carri er i s - an unclerta ki ng or "hold- 
ing out" ta. serve al 1 members of the publ i c wi thout di scrj mi nat i on . 7^/ 



1/ For example,'the Commission 1 imited amendments to applications which proposed a substantial 
change in ownership of systems, so that applicants could not selVa place in the processtng 
•line, \ . . 

2/ Id. at 949; Section 89. 751 (g). of the Rules. V -: 

3/ The border problem was also discussed in Docket No. 18261, 22 RR 2d 1691, 1710; and it re- 
mains unsolved. The FCC is currently engaged in preparation for the 1979 World Administra- 
tive Radio Conference (WARC) at which the international and Western Hemisphere allocations in 
the 900 MHz band'will be discussed. See, Fifth Notice *of Inquiry, Docket No. 20271, FCC 77-- 
349, May 23, 1977. " - 

4/ NARUC V. FCC , 525 F. 2d 630-(D.C. Cir. 1976). The Court initially stayed the effective- 
ness of the Commission's decisions to license SMRS pending review by the Court. The stay 
was lifted when the Commission was affirmed, and the Supreme Court refused to stay the FCC 
action further. ' - 

5/ Id. at 636-39; see^also . Brief for.Petitioners NRS and Illinois Association ^of Radiotele-. . 
pRbne Systems. — . ' * ^ ' 

6/ 525 F. 2d at 636. . At the: Wame time the Court acknowledged the pro-monopply aspects of 

cellular systems and held open' the prospect of future antitrust challenges to the systems 
if their anti-competitive potential came to fruition. Id^. at 647* 

7/ Id^, at 641-42^ The act of "holding out" or offering service to the publ ic -indiscriminately ' 

distinguished common carriers from private carriers, . in the Court's analysis, although 
both may serve specialized- portions of the public and large clienteles. The common carrier's 
holding out to_ the publ ic gave rise to the common law doctrine of a duty to serve all comers 'up. 
to the capacity of the system, in contrast to private carriers who may choose their customers. 
525 . F. 2d at 642. ' * v ' - . ■ - V >•:.. 



Since-, the SM-RS, as projected, ■would solicit and serve only a few custom- 
ers on a. long-term contract basis, the Court approved their classifi-ca- 

tlon_as jrjon-_common Carrie rs_.^^^^^ , However^ ..:the-.Cour-t- added , - ".our hal df^ng - 

is subject to future ch/aTlenge should SMRS i n. practice "behave as common 
carriers. "2/ The Supreme Court refused to review the Court of Appeals 
. decision," reaving it the lawof the land regarding the deliberations of 
Docket^ No. .18262.3/ 

3. .. REMAINING ISSUtS ■ ^ 

-3.1 • LINGERING LITI^AT ION'. 

..Fonowing the Court of Appeals dec i s i on , ,the focus of litigation shifted 
to the FCC. Illinois Bell Tele{ihone Co. (IBT), an AT&T affiliate, pro- 
posed to buil^d a developmental cellular system in the Chicago area. The 
IBT F^lan involved 21 MHz of spectrum and $2'3,5 million for a system to 
cover an area over 48 miles. 4/ The IBT proposal. was attacked by a 
-group ^of Chicago rad i o -common ca r.ri ers as beyond the guidel ines set out 
by the Commis.sion for developmental systems and prohibitively expensive-' 
and expansive for an initial model system. 5/ The Commission -agreed 
with the criticism of the IBT plan and suggested ,i ts revi si on . 6/ Ulti- 
mately, a compromise was reached between the FCC and AT&T, and the te- 
vised IBT proposal was approved as a . two-phase plan for equipment and 
^ J, service, tests and then commercial operation.?/ » 



1/v Id. at 643, the Court said: 



The nature of the dispatch serviced whfch SMRS will primarily offer appear 
necessarily to involve the establishment of medium-to-long-term contractual 
relations, whereby the SMRS supply the needs of users for dispatch facil- 
ities. for a period of time-? In such a situation-, it is not unreasonable 
to expect that the. ol ientele might remain relatively stable, with termin- 
ations and new clients the exception rather than the rtjle. It might even 
be that the turnover will- be sufficiently minor, that, except for ^the com- 
mercial mode of operation, SMRS will be^much like noTV*ft<qfit cqmmunity , ' 
repeaters. . ^ . V ^ \ " ' 



f 



^ZJ Id. at 647. 

3/ NARUC V. FCC, 425 U.S. 992 (1976). 



4/ Application of Illinois Bel-1 Telephone Co. for Authority to Construct a Developmental Cellu- 
lar System at Ten Sites '^t Various Locations in the State" of "Illinois , filed .July 21, 1975/ 
File No. 20,115-CD-P-76.^ - ' . 

5/ The criticisms were directed to the size of the cells (8-m.ile radius) , the height of an- 
tennas and the minimal frequency re-use, proposed. Petitions to Deny or objections were 
filed by Rogers Radio- .Communications Service/ Inc;, NART, Radio Relay Corp. -Illinois , Motorola - 
and the Illinois Association of Radiotelephone Systems", Inc. . ' \ - . ^ 

6/ Letter of July IS, 197i5, from Vincent J. Mullins, Secretary, FCC to Illinois Bell Telephone. 

^ The FCC required the use of only 12.5 MHz in two bl^ocks of 6.25 MHz each and suggestg'd a 
two phase approa.ch of tests and then full-scale operation. .,The Bell System and other parties 
petitioned for reconsideration of • this latter decision. . ' ' 

7/ Order, FCC 77-166, (March 10, 1977). Appeal pending, ^NARS v, FCC, 77-1357, \(D,C. Cir. fil- 
ed April n, 1977). The Commissron accepted a plan for independent tests of equipment if • 
the Chicago system were scaled down to 10 cel'ls and 135 mobile units during the Phase I tests 
of equipment and iservice. II 1 inois ,.Bel 1 was further required to obtain authority for com- 
mercial operation of its system following the test phase and to file detailed financial reports. 
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for private^^ystems, more serious 1 i ti gat ion^^Atered on the role of 
community repeaters in the 900 MHz plan.' NAIt^H^nd General Electric 

p et it 1 0 n e d f p r__ c 1 ji r if tea t i on of the Reconsi deration opinion on this 

po1nt» argufng Jthat the simflarity of unlicensed community repeaters ^ 
to the licensed^MRS caused great 'confusi on in\the tindustry and in the 
Cour-t appeal chal lenging SMRS.l/ ^General Electric maintained that few 
entrepreneurs woul>d develop ahcT offer the efficient , trunked SMRS sys- 
"tems, under FCC licensing, if unlicensed community repeaters could offer 
shared services to single-user a.nd conventional systems free of all .re- 
strictions ^2/ In a brief Memorandum Opinion and Order , 55 FCC 2d 771 

, (1975J, the Commission replied that the community repeater option would 
be available at 900 MHz since it seemed to meet the needs of many 
users. _3/ However, the Commission ndted the method of "first* in/first 
out" frequency assignments by the staff, plus the mandatory sharing of 
channels until maximum numbers of mobile units are reached, as probable 
limitations on the utility of community repeaters: 

(W)e acknowledge^that the practice may have limited \ , 

application at 900 MHz. There we plan to assign 
frequencies on a 'first in^first out' basis and 
I* there will also be "verticle" loading (mandatory 

sharing). These features will for practical reasons 
restrict 'multiple licensing' of 'community repeaters,' , 

. 52 FCC 2d 773V ' ^ . ^ 

The question of accommodating community repeater operations with the 
staff frequency selection rules' illustrated the conflicts between the 
new rules and those iradio systems having unique requirements as to who 
they serve and how service is rendered , such as^ publ ic safeti^ systems. 4/ 
That is, frequency assignments by the .FCC staff on the. "first in/fnrsjt 
out" basis could result in shared frequencies between repeater andjnon- 
repeater customers, preventing economic loading of the repeater base 
station. For mul ti -channel community repeater operations, the problem 
of mechanistic frequency assignments by the FCC would remove assurance 
of enough customers to pay for the facilities. With these practical 
difficulties, the Commission seemed to suggest that the spectre of. un- ' 
Tijcensed community repeaters undercutting expensive but ef f ici ent ,SMRS ^ 



1/ WARS, Pi^tit ion to Refrain from Granting. Licenses Pursuant to Applications Filed for Author- 
izations in the 900 Wz. Band Involving Entrepreneurial Comnunity Repeater Operations, ' 
June 19,-1975; General Electric Cq%, Petition for Clarification Or, Alternatively, for a DeclaW 
atory Ruling, May 23, 1975,. and related pleadings. - v - ^ • 

2/ General Electric Petition at 6-8, 11-14; Supplement to Petit iqn at 1. A key assumption^ 
the parties was the expense anticipated for computer-switcHing base stations. A full cc 
puterized system was assumed to be econom'ical for'eligible users only if it was large enough 
to accomodate several thousand mobile units on .at least five channels. The few single-user 
systems large enough for trunked operations w^ere. considered sophisticated enough to operate 
their own systems, and the entrepreneurs pegged their hopes on shared systems for, many smaller 
eligibles. _ . . • ' ^ * , ^ ' ; , 

3/ The Commission acknowledged some problems with community repeaters which were at issue in 
Docket No. 18921. _ 55; FCC 2d. at 773. 

4/ As discussed in detail , below, public safety radio systems have unique requirements for long- 
term planning and growth and for designation and use of channels by function (special 
squads or patrol areas, for example) rather than by numbers of mobile units. Neither the long- 
term planning need nor functional designation of channels is consistent With a rigid applica- 
tion of "first in/ first out" frequency assignments or by maximum loading of channels by arbi- 
trary numbers of motile units. . / ^ ^ 
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In November, 1976 the Safety and Special Radio Bureau released a lengthy 
"CTarification of New Policies and Practices Governing the Assignment 
and Licensing of Conventional Systems of- Communication at 900 MHz, "2^/ 
Which discussed the practical steps in assigning frequencies to commun- 
>ity repeaters,^ customers,, and other radio appl icants , The Clarification 
explained the processing system^ for conventional systems, the urban- 
suburban distfnction,' eligibility, res tri cti ons on use, channel loading 
requirements and frequency assignments, "Of parti cul ar i nterest was tb£^ 
announcement that avdegree of flexibility would-be used in assigning 
frequencies , incl udi hg accommodation of community repeater operations by 
assigning five channels for the use of repeater customers in a given '. 
area,3_/-- This accommodation of formerly rigid standards to the unique 
needs of individual systems may • be *of significance to public safety sys- 
tems planned^for the 900' MHz b^nd. The CTarification emphasizes that 
"in every case ea<fh proposal will be examined to determine the require- 
ments of the applicant" and that "consi deration wilT be- given to/ 
mode of. operation planned and the purpose "for .which it is' to t)e 
and . . . other factors , includ{ing) the technical features of system 
design. (I)t is provided that applicants in one service group, will not 
be, requi red -to share wi th appl i cants in , other service groups/" The 
Clarifica'tion also affirmed* that the "Commission may take into consider- 
ation any :other factor which niight enable the persons licens.ed to use a 
given channel in more efficient and effective ways.'*^4/ 



the 
used 



In a Petition for Relief of December 27, 1976, however, the National 
Association of Radiotelephone Systems (NARS) asked the Commission to 
nullify the Clarification as a substantive modification of the Com- 
mission's Orders ^and beyond the authority of the Safety and Special Bur- 
eau Chief, s NARS argued that the "back door" assignment of five channels 
to community repeaters would firmly establish that practice at 900 ^MHz 
wi^h all the problems of.its un^l i censed -operation , and» d iscourage a^ny 
licensed SMRS from the more expensive trunfc«dsystem\ 5^/ Motorola 
opposed the NARS Peti ti on , argu i ng the utility o.f community repeater, 
. erati-ons foV si ngle-user systems and the pr.opr i ety of 'a statement ijrom 
,the staff expl aining, actual process ing matters. 6/ The NARS . petition is. 
'srtill pending before the Co*mnission, but processing of 900 MHz applica- 
tions is proceeding in the B>eantime. 



1/. Community repeater defenders point out its efficiencies and shared nature as consistent 
with the 900 MHz plan. Without di-rect-^ontml- o^ however, it is not 

clear that the Commission can force channeT loading to maximum levels by community repeaters 
or remove a possible incentive to monopolize deslrablie antenna locations and available frequen- 
cies. , , ' ' ' • 

2// Fee P'ublic. Notice 73035, Nov. 24, 1976, (henainafter cited as /CT^^ 
3/ Clarification at 8.* - . - > - ^ 

4/ Id. at 9, quoting Sec. 89.803(c). ■ . * ' / 

5/ NARS Petition at IS. ^ It was assumed that the 900 MHz community repeaters would operate 

conventional systems, possibly with some switching, but that the Commission would have no 
means of forcing ISirger community repeaters to use trunked technology when the five-channel 
maximum for conventional systems was reached. . 

6/ Motorola Opposition, Fely 4, 1977. A major user group, the National Association of Busin- 
ess and Educational Radio, Inc. (NABER) also opposed the NARS Petition. Opposition, 
,Feb. -4, 1977. ; . - — 
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As a result of the CI aT-ifi cation and niti ati ves , s i gnf f i - ^ 

cant leeway has apparently, been introduced into the "first in/first out" 
channel assignment process. For exampi e-, SMRS are given two years in 
which to build and load -their systems, and no non-SMRS applicants will 
be as^signed to the SMRS block of channels during the two-year period:*!/ 
In addition, competing SMRSs will be licensed in the same area, and no: 
SMRS will be required to serve any unaffiliated applicant even though 

, the applicant may be compatible with the existing SMRS customer. A sim- 
ilar flexible attitude has evolved regarding trunked systems; while the 
FCC will. "require trunked technology for any single system of more than 
five channels, there is apparently 'no bar to an appl i cati on for a second 

jpr third conventional systenf by the same licensee. 2/ 

SUMMARY OF SYSTEMS CURRENTLY. AUTHORIZED AT- 900 MHz • 

The result, of n,early ten years of fitigation in the 900 MHz area is the 
authorization of fehree technologies for radio systems and. five types of 
servides for the systems. Each ,system and service is briefly summar-' 
ized bel ow. • - 



4.1.1 Technologies 

- ' ■ "j" ■ '* . • . ■> ■ . 

4.1.1.1 Cel lul ar Systems , - 

Cellular systems featuring city^wide services, re-use of frequencies 
^ among many eel 1 s , computer-swf tchi ng and very high capacities are re- 

quired for public mobile telephone systems. Public systems may offer 
-^^^ two-way, paging and ancillary dispatch service.^ There" appears to be no ^ 
reason why the Commission would not also consider cell ular technol ogy 
for private systems, if the appropniate technical criteria can be met, 
althoug-h the Commi ss i on ' s dec i s ions, do not discuss this use. 3^/ 

4.1.1.2 Trunked Systems 

Trunked technol ogy authorized for private systems -also involves. computer 
switching among five or more, channel s . In contrast to cellular system-s. 



.4.1' 



.1/ Non-SMRS applicants are required to build and load their systems, with 70% of. the mobile units 
specitied in the application within 8 months. Section 89.802. - 

2/ The rules are not explicit on this -point, but appear to be consistent with such an inter- 
' pretation. At least the Conmission has not indicated a different view although obviously 
policy considerations could be raised. In fact, the channel assignment system may encourage a • 
licensee to apply for a second conventional system rather than a larger trunked system, because 
the frequencies grven trunked systems, are far removed from those for conventional systems. If : 
a conventioTictl System has grown and needs more channels, it faces the choice of receiving fiye^ 
or more channels for .a trunked system and rel inquishing its iaitTal channels because they arei ' 
incompatible with the trunked channels or because the applicant cannot justify both the conveh^ ^ 
tional and the trunked channels^ or of designing , a second conventional system in order to re- ^ 
ceive channels near its initial assignment. 

3/ The RCA Dispersed Array System, for example, proposed a dispatch operation using cellular . 
technology. RCA Comments, Dec. 20, 1971. ' 
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trunlced systems function by f re.quency'''^^Sjfe^StJ>* a" "instantaneous time 

basl-5 rather -.than the geographic re ^u is ^^m^^^i^^^ n ; t h e>'C e 11 u 1 a r system 
-cpnceptv Trunked technology -is irequi^ 

. ' than five channels up to ;a .ytinit of ;twenty:.cha^nnels per'^system. FCC 

Rules prescribe antenna^heights , .power, 'emissiorf5^hort-term and long- 
term channel loading standards in nurhl>ers of TnobiTje, units !_/ ' and . 

eligible users for trunked, systems • ^ ^ 

4 • 1 . 1 . 3 Conventional Systems . . " ' * / C 

Conventional system's at "900 MHz wi.n be authorized to el igible. users to 
operate as single channel or manuaTly^ switched mul ti -thannel systems 
analogous to systems in the lower frequency bands. According to the 
Clarifrlca.tion , conventional systems may use automatic terminals and , 
. trunking techniques; if desired, but trunking will not be required.. 
Efficient use of ^ conventional- systems will be encouraged by short-term 
and long-term channel loading requi rements and shared freq^jency assign- 
ments-, made by the FCC staff, where necessary to load a channel in a 
particular location. 

4.1.2 Servi ces " ' ^ 

_ _ , s ^ " 

4*1.2.1 Common Carriers 

Common carriers will be authorized to provide eel 1 u1 ar mobi 1 e service to 
.the public. If the carrier is a wi reline tel ephone company, its commer- 
cial (n-ot developmental) system must be provided by a-separate subsid-- 
iary corporati on whos^ .ci)S ts and- reyeriues are dis-ti net from the monoply 
^ base of the parent cai^rier. Non-wirel ine carriers may operate cell ul ar 
system's without a separate corporation, and joint applications ?rom 
groups of carriers will be accepted. 



4^2.2.2 Private Systems ■ \ . , 

For private systems. i e1 igi bl e organizations u^ider^ Parts 89 , 91 , an'S^SS 

of the ^mmission's Rules may apply -f or s ingl e-usier systems . If mo^re 

- than five ciiapnels are need in cine system;,* trunked technology -must be 
■ prtfposed'.-' / ^" ^' • : -. ^ :. * " ' 



4.1.2.3 Shared Systems - . 

Eligible users may also apply for a shared system to be managed by one^ 
'of the sharers or by a non-profit coordinating committee or organiza- 
tion. In the case of shared systems, the channel loading criteria will 
follow the highest level of mobile units of the services involved, and 
trunked technology will be required if more than five channels :are 



^ 2/ The phrase "short-term and long-term'^ channel loading requirements refers to the requirement 
that: applicants be prepared to load channels with 70% of the mobile units applied for within 
. eight months of grant of the application.. The long-term channel loading standards require an 
applicant to show that the channel handles 90% of the mobiles specified in the Commission's 
) Ruleis as the maximum for the use made of the channel before additional channels are assigned. 
Channel loading criteria differ from trunked and conventional systems and by radio services — 
public safety, business and industrial, taxicab, land transportation, etc. See Section 
89.801-803 of the Coninission's Rules. 
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needed by a si ngl e ^ystgm. A shared system managed by a non-profit en- 
tity-will stand in \he shoes of-its members in termsrOf use of the sys- 
cri teri a- and- the- 1 i ke . . - - 



Eligible users may^ take servicfe from aP( possibly ) profit-making manager 
called a Specialized Mobile Radio. Syys tern entrepreneur or SMRS. The SMRS 
will be licensed^ only for base stati(6« facilities; its customers must 
submit applications fX)r-cohtrol points^ and mojjile units specifying an . 
agree^nent 'to use the SMRS service. Further, the SMRS base station lie"- 
ensee" is bound to offer trunked technology if more than f i ve^^channel s 
'are needed, and. to follow the Rul es.. for' technical criteria and use of 
the system prescribed for single-user and- non-prof i t shared systems. 



4. 1 . 2. S^^ COmmuni ty Repeater ' - * * - ' .-^ , 

, \ ^ Affinal type of supplier' is the. tradit;ional communi ty repeater vendor 
who provide base station facilities that are licensed in the name af 
the customers. A communi ty repeater customer )normal ly applies as a 
> single-user for base jstation, mobiles and control points under the 

aingle-user, conventional system procedures ./^ To accommodate community 
repeater service, the FCC staff may te^aside a five channel group of 
•.frequencies for assignment to community repeater customer-applicants.!^/ 
Short-term channel loading standards will be applied to the applicants, 
but Xhe requirement of trunked technology for systems of nvore than five- 
channels is uncertain. The Clarification seems to inditiate that additi- 
onal five-cHannel groups will be assigned to users of community repeater 
^. systems, without regard to trunked tec*hnology, if the first five chan- 
nels are 90% filled. 



5. »^ THE REMAINING RFGfuLATC^Y ISSUES 



. 5.1 For publ ic -safety radi^users ; a number of; q remain regarding 

*u the legal framework s^t up for 900 MHz systems.* For example, will the 
.... requirement for trunlped technology with SMRS systems or any operations 
' • " of more than f i ve' xl^annel s be suitable for publ ic safety systems ?2/ 

For example, f 1 eet di spatchi ng requires a call to all mobiles, inter- 
rupting other conversations^ if necessary: Wi IT trunked systems have the 
ability to handle fleet calls as well as individual calls to the base 
• station and oth6r mobiles? ' 



5.2 A second major question is to what extent would an SMRS type of opera - 

tion be usable by public safety entities ? Does the fact that an SMRS 

■ ■ operator might -be an, "outs ide" busi ness entity make a difference to the 

public safety entity? Or, .to what extent woul d an- SMRS-type facility, 
operated by .a ■ governmental entity f or i ts' varied communication needs, be 
- desirable? Is the SMRS 'op ti on , as created by the FCC,- advantageous from 



,iy As noted earlier ^ this procedure is not subject to objection in a petition filed by MARS, 
pending, before the FCC. r. . 

2/ Indeed, APCO has expressed grave doubts whether trunked systems wi IT ever reach. their 

efficiency potential with the unique and varied requirements of public safety radio sys- 
tems. See APCO Reply Comnents, Docket No. 20271 , March 4, 1977, p.^'. . 



a publ ic safety viewpoint? 

5.3 " What win be the role of cellular systems or technology in serving PuJb - 

Tic safety radio systelns? Can cellular technology be adapted to al Vor 
,some of the communications needstof an urban public safety sys.tem? Will^ 
the 20-channel limit on private systems or other technical requirements 
for private systems frustrate the development of pri vate systems? Could 
the common carrier cellular system offer -a cost-efficient means of serv- 
ing some or all of public safe-ty radio requirements? 

^ ^ ^ ■ - ' 

5 . 4 'How does the 900 MHz regulatory scheme accommodate the 1 ong-term pi an - 
ning requirements and other unique aspects of public safety systems ? 
The "first 1n/f1rst out" frequency assignment method determined for 
900 MHz applications r«mpves the assurance of:-a related block of fre- 
quencies for the growtfrof radio systems- At the same^time, public 
safety radio systems have seen steady growth in the size, complexity 

- and sophistication of communications systems- The prospects for the 
^ future indicate even larger systems many operated in c-onjunction with 

other local government enti ti es. These comprehensive systems call for 
detailed planning, budgeting, apprpval by -^appropriate local authorities, 
and possibly- phased cutrover from older radio systems- In short, they 
• require extensive and irytricate planning by state and local agencies as 
well as implementation over a long period of time -as compared to smaJl 
private systems- If the "first in/first out" assignment system, -the 
short-term channel loadAng criteria, and the mandatory channel sharping 
opt.ion are applied r^g^rously by th^e FCC staff, will such comprehensive 
system planning and implementation be possible? ' 

. * " ■* ' 

The need for channel assignments by function rather than. by strict num- . 
^ bers of mobile units Is also unique to public' safety systemis. The use 

of a particular channel by one part of the palice force or another func- 
tional group may be vitally important, to effective use of radio in the 
^task's of a public safety agency.- In former block or pool allocation 
schemes, the designation of -one or more channels to a particular func- 
tion could be accommodated, but the ch'annel assignment and loading plan 
at 90Q:MHz seems to preclude, functional designations - 

The Cr^rif icafion promised a rule of reason and a degree of flexibility 
in frequency assignments, but the potential for mechanistic rules and 
mandatory'^loading requirements" is troublesome to radi o . system plannejfs- 
In order to assure the implementation of 1 ohg- term pi a-nni'rtg", should 
there^ be some :form of'^'block" allocation in the 900 MHf^nd-to ensifre 
the future a va i 1 abi 1 i ty of needed . s'pec'trum? How should the FCC take 
into account state or local plans for coordinated radio use? How should 
. the need for functional designations of channel s i n public safety sy$-. • 
terns be accommodated;!;/ . ' ; . - - ^ 

5 . 5 The role of APCO and other service frequency coordinators in planning 
and assisting 90O MHz appl 1 cati onS -is al so open to question - For appl 
cants seeking fre^juencies in the radi o bands , frequency coordination* 
committees are recognized by the FCC as the primary mechanism for 
selecting frequencies and working with applicants to design interference 
free systems. 2^/ Often thiis frequency coordination work entails con-, 
siderable time advrsing applicants, medi a ti ng^between possibly con- 



17 For detailed disdussion of conclusions regarding thefe and related questions; see ' APCO's , 
Comments on Docket No- 21229 in Appendix I- * 

2/ Docket No. 18261, Second Report and Order, 22 RR 2d 1691, 1704-06. '^j' 
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fTicting proposals, and encoVraging the^erijisign' of sy^tem^ where un- 

■ • \ A 

The FCC Staff s role in frequency assi gDments. to 900 MHz systems and the 
■ - contemplated method for staff assignment of . frequencii es may wel\l suffer 
'^'W-om the absence of the counsel i ng d.es.f.gn^tng-; afid niiediating functions 
performed by the* vol un tper coord i najto.rsi' VE^en if APCO artd the other 
service coordinators were to .contiria<§ irf-aavrsory rol es , Uhje ^^ck of in- 
formation as tQ frequency ass i gnmervt^' made by the FCC stajff cou'ld effec- 
tively frustrate thei r^ef f orts . ^'J-t ^ i s 'd if f i cu 1 1 to/ bel idve that \the FCC 
has the resources a vai 1 abl e oa a ..hati onwi de- bas i s , needed to perform the 
•counseling and med i a ti on of ten* required by, sfna 1 1 e r , local applicants. 
In sum , the 900 MHz dec i s i ons' Teave^.a 1 arge^ hoi e i n the appl icatioW 
process f ormerly f i 1 1 ed ; by the^ service.'frequency coord Inati on commi ttees 
and the Tack of. ful 1 frequency' coo. r:di rlat^ on work may disadvantage niany 
applicants and burden tlie FCC; staff : It is for reason^s such ^s these 
that the FCCos taking a further look 'at its pol i ci es governi r^f re- 
quency coordi^rvation i n the;^-90p MHz band.l7 . '^--^ 

^ • V . ^ ■ ' - ' ^^' v "' ■ ' ' ■ ■ ^ . ■ ■ - 

5-6 Finally, an issue that pe^rv'ades the whole future of 900 MHz systems is ' 

the, ability of the . F.CC staff to : carry out the processing and enforce~ 
"} ment role assigned to it . The enforcement of tg>ghni ca 1 ru 1 p<; . rhannpl 

loadiiig standards and. Vic'ense cancel lations by defunct systems at the * 
lower bands has been hap-haz.ard at best. With the help of frequency 
. coordination committees, tti'e. FCC, has barely kept abreast of the flood of 
applications it receives. For .900 MHz systems*, the FCC staff proposes 
to make all - frequency ,assi qnments , presumably to enforce the eight-month 
deadl i\ne- f or channel Vdadi ng. and the 90% loading prerequisite for 
assigning ad;d i ti ona 1 \channel s , etc. ^Although the growth of 90CfeMHz sys- 
■ tern ma V be slow in tfekfe beginning j^ears, even an optimiistic observer must 
• ^ >^ave concerns as to the avai 1 abi 1 i ty .of the FCC staff to take on these 



a ri ed 'task^ . 2/ 



J/ .The topic of staff resources and efforts in spectrum management is 'now under consideration 

in a broad inquiry, .Docket No* 21229. Notice of Inquiry , FCC 77-287. May N, 1977. 
Frequency coordination methods are also considered in some measure. ' 

2/ See Docket No. 21229. IJotice of Inquiry , FCC 77-287, May 17, 1977. 
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■ CHAPTER II • ' . - 
. ..^^^^^^ ^^^^^ 

ELEMENTS OF THE 900 MHz CONCEPT.- 

• ' * ■ ■■ 

INTRODUCTION » , ■ ' 

Chapter I describes the regulatory history of -Docket No. 18262 and .the 
background that led to^ the opening of the 900 MHz spec trum .*for use by 
the land mobile radio services* It also describes the present regula- 
vtory environment' and presents some of the unresolved issues that affect 
the application of ^ this spectrum to the needs of public safety communi- 
cation^ systems, . * , * 

This Chapter describes those engineering, economic, and management- 
related factors, peculiar to the 900 MHz environment, that also affect 
the application of this newly available spectrum "to- publ i^: safety/and 
in particular Jaw enforcement, communications ,syj5 terns . This presenta- 
tion is Hfot fntended to be an^xhausti've discussio/T^of 5ill tfip <2l emen ts 
of law enforcement communications system design, noi*:^fs ft m^nt to be 
a rigorous, engineering analysis. , It- is intended to pVesent those con- 
siderations of* 1 aw enforcement communications syst-em design and opera- 
tion that a:re, or may be^, peculiar to the 900 MHz portion of the spec-^ 
trum undisr the conditions by which it has been made availab.le to the 
public safety community. It will descri be ' t'hose system-rel ated factors 
that affect system plartning;^ operattort, and implementation decisions. 

A discussion of .900. MHz propagation considerations is presentedv to- 
yield insight into the probabil i ty " of coverage throughouWa giverTar^a. 
Concepts emp.loyed ih the presently envisioned trunked- system designs, 
are discussed^to provide a basis for the discuss^^on in Chapter IVl re- 
garding- the roXes-such systems might play in the public safety environ- 
ment. Design considei<a tions for 900 MHz equipment are presented to 
provide an appreciation of the system-related factors of cost, avail- 
ability, maintenance, and traini^ng that Tnay affect 90^0 MHz system' im- 
plemen ta ti^o^n decisions. 

TMs d-iscussion is designed to assist the executi ve 1 evel public safety 
cd'mmanications system managers ' .decision-maki ng process. The technical 
a^pjects of propagation phenomena , noise levels, information handling, 
trunking theories, and similar related top.ic;5,^re presented in a sum- 
mary, non-rigorous form. It is intended to be.^a- manjagerial .1 evel sum- 
mary of the work done by authors, 1 i s ted .;rn the' B.i bJ ilpgraphj^., the- tech- 
nical in-puts of the AfCO project 'Staff and the^APCO t^^J^-^oups I and" 
II. For more rigorous , academic treatment, the reader is referred to 
the Bibliography. ^ 



900 MHz COVERAGE CONSIDERATIONS ^ - j 

The history of land mobile communications during the last 25 years-has 
been marked by the opening of hi.gher and hi gher portions of the RF 
spectrum. Each of these moves to higher frequencies' was accompanied by 
uncertainties. How will the new frequenci es* work? What coverage can 
be expected? What equipment probl ems will develop? Wi 1 1 , dif f e'rent 
base station locations , more repeater installations, different network 
designs, be- requ4red? Wi 11 authorized antennae heights and power out- 
puts permi t *the coverage of the required geographic areas with the 
needed degree of certainty? ■ . - C ** ' 

The opening oT the 900 MHz spectrum is no different in--tjhis regard. 
Prior to the Report and Order resulting from Docket No. 18262, little 
operational experi ence had been gained using these frequencie.s in a 
civilian, land mobile, 1 a)w enforcement type of environment. Even as 

^. ■ . 2.1 . - _ 



questions relating to truaked system concepts, equipment costs and 

;_j„axa i.rabi.l i,ty > .and sy.s tern. management_probl ems must be considered » the 

basic question of whether or not these frequencies will . permit the. re- 
quired reliability of communi cat i ons throughout spec i f i ed en vi ronments', 
using practical systems configurations , must be answered'. 

The following section of this report discusses those inherent proper- 
ties "of the 900 MHz portion of the. spectrum that affect its usefulness' 
, f^or law enforcement communicat i otis .system design/' 

2.2.1 90Q MHz Antenna Performance 

The area of coverage ^provi ded* by a 9do MHz systenr is determined by those 
'same parameters that determine coverage of lower frequency systems. As 
in any radio communications system' rely tng on line of sight transmission 
paths, transmi t'ter power , transmitter and receiver antennae henghts and 
relative gains , s-ystera noi se , ^enera*ted e i t her i ntemal or .e;(ternal to 
the system, rec ei ver sens i ti vi ty and band with characteristics and the 
. nature and length o'f .the path betweeft the transmitter and the receiver, 
are among the more obvious factors that determine whether the system 
will pass an intelligible sigjial between two poi n^ts . For. rigorous 
treatment of these considerations and for addi'tional 'discus'sion of the 
more subtle considerations affecting radio frequency system "desi gn , the 
reader is referred to the Bibliography.*. 

' Of special interest to those consi-dering 900 MHz applications are those 
particular factors that result f rotn the characteristics of the shorter 
wavel engths that a re c harac teri's ti c of these f req6enc i es . !_/ 

A basic, f>hysical ronsiderati-on , and one ^^hat has long inhabited, the 
application' of th,e 900 MHz portion of the spectrum to mabi 1 e/por tab! e 
applications, is the reduction of the effective capture area of 900 MHz 
sys terns antennae , as a^ result of the use 'of these higher frequencies.^ , 
As f requen^y ,i ncreas es , the wave! engfth- of the radiated energy decreases v 
proportionally and," "Viereftfre, the p+iysix.al length of a resonajit antenna 
decreas^e;s. As the- phys i ca 1 length of the antenna^^ge ts less,-the area o 
throughout^which it captures' energy from an" el ectrpma^netic wa^e gets 
smaller. -Therefore , the receivi ng antenna picks up a smaller sh-are of 
ithe energy radi ated by *the transmitting antenna. . 

For example, a quarteir w^velengi:h antenna ^designed for a 900 MHz system 
would . absorb only one fourth the amount of energy from a -1000 watt 
900 MHr tran.smitted signal that a quarter wavelength antenna designed to 
work. in a 45Q MHz; 'system would absorb from that rfedfated by a similar 
powere'a .^transmitter other factors being constant. In- m,any types of 
systems," such frequency-dependent losses can .be compensa tedx^-ftrr^y in- 
creasing the gains 2^/ ' of the smaller antennae , i . e.-, s-incje higher fre- 
quency means smaller antenna element length, antenna can h^ave increased 
numbers of elements or increased electrical length for a^ given physical 
; ^size'with a resulting increased gaijri. T)iis gain can be tis.ed to compen- 
sate for the f requency-dependent reduct.i on of capti^r^ a rea . 



1/ Wavelength -in meters = • where f is expressed in megahertz. Practical consideratibn^of 

" system design usual ly..>requTres that antenna length (either transmitting or receiving)-be an 
ihtegral function of 1/4 oi^ -a wavelength. Therefore, as operating frequencies become higher, 
the physical length of an antenna becomes less. At 305 MHz atypical 1/4 wavelength antenna is . 
approximately 3^" long.* ^ / 

2/ **Gain" in this context loosely means the' amount of energy a given antenna captures ^ 

(or radiates) in' a desired direction in comparison to some standard radiator, usually a 
half wavelength dipole. • ' ^ \ <■ ' • 



But mobiMe/portable system operation places limits on the amount of gain 
. that can be tol erated. Antenna gain^can only be provided by- concentra- 
tioii of available energy/ i.e., inc^^a^ing directivity. Mobile and 
portables units must normally be nea^P^Womni directional in a horizontal 
plane and can only 'use limited dir^^^^'ty in the verti cal plane if an- 
^tenna pointing is not to become an operational probl em. 

Base station antennae can normally employ larger figures of vertical 
directivity, with resulting increased gai n . In some i ns tances where the 
needed coverage fs not uniformly distributed around the antenna, dir- 
ectivity, with resulting increase in gain, can be tolerated in the hori- 
zontal plane. * / 

Nor;n|t1 engineering practice «cal Is fot^ system designs that employ the 
maximja directivity , and associ ated .g%i n^ that the system geometry will 
allow. Therefo>e, in moving from a lower frequency to the 900 MHz band, 
system designers may not.'be able to rely on increased antenna gain, over 
that^used in lower frequencies systems in the same location, to compen- 
sate for the reduced energy capture that results from shorter wave- 
lengths, i.e., the 1 ower f requenci es system is already using as much 
gain (directivity) as the systems' geometry will permit. 

This fundamental systehiTrel ated problem has, to a large extent^ bejen 
overcome in, recent yea rs by advances i n receiver design technology. 
A characteristic of .the" 900 MHz portion of the spectrum 1s the signifi- 
cantly reduced "level ^of noise that normally exists in the environment in 
Which the desired signal must be received. Without delving too deeply 
into .what constitutes noise gen^ra-ted by sources external to a radio 
system, it is sufficient to point^out that those noise sources (when 
added tO' noise generated wi thi n the system) establ ish the minimum ampli- 
tude of a usabl e signal , i.e., if a signal is any weaker than the niDise, 
it will not be intelligible. . As a result even a very weak signal at 
900 MHz, one whose amplitude is such that it would be no stronger than 
the noise arriving at the receiver in a lower frequency system, can be 
copied by a receiver having adequate, and currently avai l.abl e, technical 
characteristics. 

The^ technol ogical advances of the past several years that now- make 
900 'MHz a viable approach to mobile' communications system design is the 
development of receivers having usable s'ensi ti vi ti es at these frequen- 
cies in the order of -25 to, .5 microvolts and that are^ capabl e. of being 
mass-produced -at costs comparable with existing equipment. 

The above discussion- has been presented with two objectives in mind: 
first,, to show the importance^ of tec^hnol ogy. in' making the 900 MHz por- 
tion of the, spectrum avai Table for us e; -the second is to illustrate the. 
need to maintain a noi-Se-free environment for 900 MHz systems. Should ^ 
poorly selected frequencies result- in significant i ntermodul ation (IM) 
products, should spectrally "dirty"^ transmitters be permitted, even at • 
frequencies well removed from systems under construction, or should > 
other .il l-*conceived or uncoordi natpd operations be permitted, exploita- 
tion of the system sensitivities made possible by modern 900 MHz' tech- 
nolbgy will be'impossible, and the usefulness of the' 900 MHz spectrum y 
for law enforcement and other public safety needs seriously compromised. 

Shadow Effects 

El ectrojmagnetic radiation is normally envi si oned^ as traveling. in 
straight lines, much like ],i.ght rays. As a resui t. of this linear path, 
shadows often exist behind objects that ei ther refle?:t or absorb' the 
incident rays . Close observation of the edges of -these shadow areas . 



' will show^that these boundaries are not" perfectly defined. /There is a 
. region of transjition between full illumination and shadow^t the border 
(called the Fresnel zone). As the wavelengths become sJforter, the 
region of transition between illumination and shadow -becomes more sharp- 
ly defjiaed. The width of this transi tion region :is/a function of 
(among, other things) the wavel ength and is inverSieTy proportional to 
* the frequency . . ' 

It. is" this . transition region that permits much of our line of sight . 
radio communications; Kowever, as noted above, as , frequencies increase,.' 
the borders between ^usa'Bl e signals and unusable ^^i^gna^s* become more 
distinct. Above thB-UHF' region shadows can exist in which the movement 
of ^ receiving antenna by only a few feet can result in severe signal 
degradation/ .T-ests T/ at 900 MHz have showi? that individual varia- 
"tions from the.fiveah transmission loss at . these frequencies can be as 
. High as 30 db. The3e tVsts h.ave also shown that the amplitude of the 
.variations- from the mean path loss is, to some d'e-gree, a function of the 
' 'absolute field strength and that the variations become larger as the 
- mean value of the' path 1 oss i ncreases . This observation suggests that , 
' V higher energy densities, i.e., more ef f ecti ve radi ated power (ERP) than 
is normally indicated necessary by theoretical calculations, may be re- 
quired in some envi ronments to minimize the 'operational probleras that 
maybe caused by these large' path loss variations . ^ . * 

2.3 Scattering effects ' ^ 

" " • ~ . . ■ ' ^ ■ ' . 

Another phenomenon affecting the usef ul/iess of the 900 MHz band for 
urban, mobile/portable communication systems is the increased reflectiv- 
ity of these frequencies- The short wavelengths involved make energy at 
these frequencies more easily refl ected by the typ-ical concrete/steel 
structures encountered in an urban environment. This reflection, or- 
scattering effect, caused by the multitude of building? and other struc- 
tures normally existing in a-^ typical ci ty , can result in a distribution 
of energy throughout what normally would be expected to be shadow-areas. 
Experimental data 2/ supports the theoretical conclusion that this 
^ scattering effect throughout an arban communi ty • can g.reatly increase 
^ the percentage -of coverage i n ; the zone of interest by/Vfillirig in" ho-les 
—normal ly caused by the shadow effects deiscribed tn Section. 2,^^ 

.-^These scattering . effects are of grsat i nt.erest to the , designer of ijrban> 
/law enforcement comniuhication netwoVks. tests, in a typical; urban .en- 
vironment show that this scattering phenomena can ^have a significant 
. beneficial ef f ect ;on overal 1 system performance by. providing increased • 

coverage within buildings, tunnels' and throughout the highly^^compli- 
; 'cated propagation paths existing in avtyiiical urban community. 

\ This scattering, however, is not a completely unmixed blessing. As 

cited above, there can be variations as much as 30 db from the mean 
propagation loss throughout the area of coverage. Howe.ver; these 

.'■ studies have concluded that coverage^ wil 1 be general ly adequate for land 

.mobile communications, and in some cases superi or to that available on 
lower frequencies. However , "hoi es"- can 'and wi 11 exist.' 



^.4 Bui lding Penetration ^ . - ' 

f \ . ' ■ 

The attenuation of el ectromagneti c energy passi ng through natural or 

TS 



The attenuarion or e i ec^romagnet j c eiieryy paaa i ny en i wuyn ii«uui«. v 
man-made structures is a major problem in portable law enforcement 



UHF Radio Uave Propagation in Dal las v Texas Base to Mobile Stab' ohs__f or Vert^^ 
tion7by N. H. Shepherd, GE Mobile Radio Products Dept., March. 1975. 



system .-design). . The '1 iterature-fndicates that loO "rtHz frequencies 
penet^.e average structures with propagation losses in the order 'of • 
10. .db fb 20 db per TOO. feet. ; As -a result, massive structures -can cause 
. shading that prevents usable transmission or reception inside of build- 
' jngs .br sifflilar structures... -Thou^fj somewhat frequency-dependent^ this 
phenomenon exists at all freq^aenci'es . However,' evidence existsthat the 
/ scattering effects of 900 MHz systems described above s igni f i caVitly im- 
. .. y* . . prove the coverage inside bui Idings" and tunneJIs. ■ 

2.2i'5c. Fol iaqe .Loss - v . . . 

The short wave, lengths at 900 MHz are. susceptibleVto serious attenuation 
from, .fol i age . This problem is particularly difficult to treat analyti- 
caTTy due to the many variables encountered. The losses can be much 
greater in summer when . trees are in leaf than in winter when they are 
barren* Moisture after a rain increases losses noticeably . Different 
kinds of vegetation have different amounts of attenuation. A number.. 
often .used is l.S.db loss per meter . of vegetation '.for ''average" attenu- 
. ation. Of more significance^ perhaps , is. the . estimate "tWit-i'ol i age 
; > ^ losses at 900 MHz Jare prbbably about 25% greater than those 'experrenced 
at 450 MHz. • ; . - 

2.2.6 Sfte Selection Considerations- \ . - \ ^ 

,' ' ' ' ' ■ . • - • . 

t ■ ' The generation and transrafssibn of radio, frequency powe-r at 900 MHz ^s 
•more expensi ve than at the lower bands. Tn^nsmi ss ion . li n-e 1 oss i s of ' 
somewhat, greater system- signi fi cance at 900 MHz. ^Conventional RGS/ll-tt 
transmission 1 i ne' has a 1 oss of '2. 8- db per TOO feet ^ .150 MHz\ Its . 
loss at 900^MHz is 6v8.db per'lOO fe^t. : 7/8^" copper foam fl ex has a ' " 
los-s of 1 db per 100 feeti and air d-ialectic coaxial- cables (with 
V their^atteffida^nt -expensi vie, p^ress;ur,izati on sysitems ) cause - loss \ in the ' 
,order^ of 0.5; db per 100 f^et at 900 MHz-> This, implies that if the. * V 
transmiss^ion -loss between the Hransmi tte;^ and the; antenna is not to'^be 
■ . exhorbi tant^, transmission line riins must be kept reasonably short. 

' ■ " " ' ■ -* ■ ^ . - ■ 

.These 1 oss characteristics indicate 'that fixed sites must be selected 
^ _ with'^some degree of care. . As' a rule of thumb, the radius of the area of 
coverage is directly proportional to the square rootlof the antenna 
height. Antenna height v: ERP is a basic trade-off consideration in " ' 
-/ V systems design. .Practical consTderatioris prevent the ra'dius of cover- 
^ agfe from bei ng i ncreased to a great degree by increasing^ the height of^ 

the- mobile or portabl e receiving antenna. Therefore, base station 
heights usually piust be the maximum possible, consistent with terrain - 
- and area of coverage' requi rements . In the typical system, the need for' 
maintenance accessibility and structural cos t considerativons prevent 
i the location of RF generating and receiving equipment at the antenna 

near the top of a tower. Therefore , at 900 MHz sites must be selecT:ed 
'at which the transmi tti ng« and receiving, equipment can be located reason- 
ably close to the radiati ng el ements -of J:he antenna , such as the roof 
' of a tall, buildi ng or a' s trategical ly l o'cited mountai n : top: ' / 

•It is perhaps unfortunate that a "strategically 1 ocated mountai n top" 
^ . ; J for a .900 MHz 'system* i s very often also one^or other, systems I. This 
^ can result in a number of antennae, servirtg.m^ny different systems, - 
operated by many different users , being located- in close proximity to 
each other.. The potential f or .i ntermodul ati on^ ( IM) products seri ous ly 
degrading"^ system performance under such conditions is great. Th^is 
degradation can be minimized by careful system Jdesign^ Frequency selec- 
tion must be based upon careful eval uati on of l^s tern • performance needs 
. and the f reqaencies, • mpdes of o.perati on ,' power output, and user service 
. of other col located or proximate system installations carisf ully .eval u- . . 
ated-. • ^ • • ^ . . 
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. ; As noted in Par. 2.2.1, the inherently greater path loss experi enced . at 
900 MHz can' be o.vercome_by the iower ambietit noise" exi^ti ng at thes^e 
frequencies > permi tting ful 1 expl oi tjation of modern receiver usable ^ 
sensitivity. Thqs factor must be kept in mind in select"yig sites, and 
then protecting thes^ sites from electromagnetic pollutio**n. In addition 
to* the--:LM 'conslrderaw 6ns described above, site selection should include 
surveys "for poss i bl-e >sburces of noise," such as high powe^r TV stations ^ 
on nearby channels, high powered control stations directed toward the 
.site, and major industrial or medical installations nearby that radiate 
, . " wi th* sisfni f icant levels of spectral impurity. , 

y ' ■ ■ ■ ■ ■ " ■ . • ■ ■ ■ ■ • ■ ■ ; ■ . ^: 

2.2.7 Physi ol ogi cal Cons i derations • - 

. _ ^ the portion of the RF spectrum in the vicinity of the 900 MHz band his 
-been used for various industrial and governmental purposes since World 
^ .War II.. These, frequencies are only^slightTy.^above the UHF teleyision . 

.channels and are bel ow^ government radar and. tel femetry frequencies, « 
Many of those systems have long used radiated power levels in excess of 

hundreds O'f "thousands of watts* 

. . ■ . • '. J* > ■ , ■ . • . ' - , - ■ 

• Despite th i s experi-ence , there is an ever-presejit concern about the pos- 
sible physiological effects that these frequencies may have . on .equi pment 
users* Such concferns' are parti cularly appjropriat^ when consi deri ng the" 
employment of portable equipment. Al though such equipment is normally . 

' ■ very low power, i.e. , 1 to 5\watts RF output, normal us-age often _pl aces 
the antenna only inches av^ay^rom-the head and-eyes of the user when. 

' talking into a mi crophone.jnoffhted on the 'portabl e unit. - • " 

■ ' : ■■ - •;• • - ■ ■ ■ •■ \: . ■■- . ' \ vV- - ' 

Despite perfbdic ^stlidies by the "Department bf:-Defense during^ the past ;, 
quarter century and more- recently by governmental consumer protect,io,n . . 
agencies^ little . specific information- exists pertainfng to t^e pbten- 
:tial. physio log ica-1 900 MHz radi ati on ,i n the. type of environ-^ 

^ -.nient that'migh^^^e encou-hterVd in the law'^^nforcemen.t field. The Chief 

' -Engineer of the^CC "has stated that 1/^- the FCC is aow studying these ■ 
problems and intends to provide a de7i ni ti ve. report i n the future.-. 
further stated that the p'otential .extent of the^ problem is nott k/iown but 
recommended that , pending pubrlication of the ' resul ts of the Commiss ion ' s 
findings , personnel wprking in the proximity of ^uch systems exercise 
reasonable care. / 

S,i<nce the maximam- power 1 evel auth'orized for base stations, 1000. watts, 
is /considerably lower ! than that long in use by tel evision stations^at . 
' similar frequencies, it ts not likely that base station personnel wi 1 1 ■ 
be s^ubjected to a measurabl e 1 evel of risk due to el ectromagneti c radi- 
^ 'ati6n* By the time portable equipment becomes available, it can be 
• ^ expected that the results of the FCC ' s' i nvesti gati on will be public 

knowledge. As recommended by the FCC's Chief Engi neer, 900 MHz system ; 

• ' . ' designers and managers, should keep abreast of publ ished 'i nf orma tion 
^ rel ating ta this consi.deria'.tion. ■ - ' . " ' . . 

2.2.8 Summary - *• 

The phenomena de'scribed above a>e similar "to those experienced at lower 
bands, varying only in degree.* Ceptai n characteristics' of .900 MKz 

* , propagation seem advantageo^us while others of f er probl ems None have 

' proved to be unacceptably detrimental to communicati ons system perfor-^ 
mance* Most are simply the inherent cansiderations- encbunt 
de.s ign af communications systems / - Engi n'e^ cDmpensa te. f or their 
' — ^ effects by other coverage calculations or empi ri cal j udgment . and thereby 
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determine the< number of ;*ftn ir)?' flpeaters , antennae heights, or the * - 
ERP required. - The: degreie to which special measures may be req;jired in 
t*e 900 MHz band is a fanotion' of the operational impact that the anom-. 
al ies predicted m,ay. cre'ate. • FulJ. appreciation of the impacts 'that 
900 MHz coverage Vhenbmena will have on .opera'^lji onaT systems design can 
only l?e . determined by- experience. Analysi s -shows that there are no 
insurmoantable difficulties inherent in 900 MHz system impl ementation . 
Empirical data ,^ acquired by observations .of practical systems , wiO l pro- 
vide the guidance needed , for future^ system designers to configure their 
designs i^n- ways that best overcome the probl ems a^nd expl oit tJie advan- 
tages of ferfed by -900 -MHr propnagati on phenomena . ' - \ 

THE TRUNKED SYSTEM CONCEPT ' r 



: General ' ' • ; ' 

. > ■■ ' • ■ .. ■ • . v- • ■ 

Tfre Second Report and Order resulting from Docl^et No. 1.8262. has made 
;m'andatory the : use of trunked system/techni ques in those J systems at, 
900, MHz : that requirje more than five channels. Whi 1 e a f orm of ^trunki ng 
has been in. use by ► the raobi 1 e tel ephone service for some time, all users 
of the 900. MHz b^an.d with requirements in the excess/ of five channels 
• are now" required to employ trunked. techniques . <■ 

The Commission based this policy on;its determination to as^sure ^the // 
mbst eff icient use\Dossibl e^ of the 900 MHz portion of the spectrum./"^ 
While public safety^'agencies with thei r special ized operational require- 
ments "(see Section 3.2) are required to consider many factors in. the 
configuration of their .systems, they also consider spectrum^ usage . * 
efficiertcy as being one of the more Important. 

This Section will -describe th^ basic principles of how trunked systems 
operate. Thi s description f% necessarily generalized , as it represents 
a synthesis of ►several approaches now ;under devel opment by the vendor 
community. WhiTe significant differences of engineering specifics may 
exist, these systems have many basic characteristi cs in commpn. The , 
differences do not dilute the usefulness of a generalized description ^ 
of system operations to hel p understJand iiow tr'unked systems • can' be - - " 
applfed to' public safety comim/ni ca ti on heeds-.' ^ ' ^ 

Trunkdng is not a new concept.- The national publi c switched tel ephone . 
service is based upon thi s technt)Togy:. As stated, the mobile radio 
telephone service has long used a trunked type 6f-system. But this sys- 
temy the Impro.ved Mobile Tel ephone System (IMTS), uses an automatic, 
sequential . frequency steppi ng approach . It is slow.; as much as 20 sec- 
onds can be taken to obtain access to a channel*. Such a system would ^ 
be/of little use. to law enforcement networks • wherein * the typicaT trans-' 
missi on" may average 1 ess* than 3 or 4 seconds *. Therefore , the fol Towi ng 
discussion .is limited to- those high speed, fl exi bl e systems whose deyel - 
opment has been mad'e possi bl e by the introduction of high ;speed swi tch- 
.ing equi pment and rapid , remotely controlled frequency change capabil- 
ities in modern mobi 1 e radi 0 equipments. 

- ■ ,' ■ ■ ^' . ■ ■ ' ' ■ ^ 

Trunked Slystem "Spectrum Efficiency " . - • . 

The presumpti ve :o.bjec ti ve of the. i ntroduct-ion of trunked concepts is* to 
increase spectrum usage eff i ci ency . For the purpose- of this study, 
"spectrum efficiency-"- (a^widely used mi s-nomer) has been defined a.s the 
ratio of the actual number of users' ass ignedi n a^ defined portion of 
the spectrum to some (not specified) theoretical maximum number. of 
users that could, be assi.gned to' that portion of the spectrum, holding 



the l efvel or quality of service constant , wi th,fn a. def inedVarea . Since 
the J theoretical maximuni number of users that could be assigned in a 
gi ven area , and -a quanti f i abl e meas ure of "level or 'qua! i ty of servi ce" 
is not available, the term "^p.ec'trum efficiency" is not very precisely 
defined.. However* it does have useful meani ng i n a relative, fion- 
.qtrantifiable way- Intuitively, we feel that techni ques that permi t more 
u^ers to f i t ■ into a fi xed amount of spectrum or conversely ,th5i; permit 
.>a fixed number of users;.to be accommoda.ted iJi a smal ler portion of the 
spectrum, wi thoutimpedi hg thei r communications :effectivenes s , improve 
"spectrum efficiency". * /. ' . # 

From this concept springs the corollary that lifKused air time is an indi- 
cation of spectrum usage inefficiency. This lidea i s ' bas ed upon the 
regulatory principle that anyone meeting minimum established require- 
ments has a right to exercise his privilege to utilize a^r time C"use" ' 
being def i rred^ as an authorized transmission). , ^ 

This concept might have^ validity if all users of the spectrum havfe the 
same requi remen:ts and made equal contributions -to the publ ic ' s interest, 
convenienc.e or necessity/ If that is not-Ilihe case, then the idea of 
unused spectrum and therefore -the term "spectrum efficiency" may have 
1 ittl e meaning. : The possi bi 1 ity exists- that the worth of unused spec- 
trum, by simply being available, may be greater than the worth of spec- ^ 
trum fully occupied by less essential services. ^ 

As an. example, the' worth of the "hot line" between the White House and 
the kreml,in is not measured by the number of " messages' transmj tted. Its 
worth lies i,n i ts guaraateed , imstant availabil ity when neetTed for the 
.good of, the^ community at "large. . ' 

' ' ' . . ■ • . * • * . ■ ' . _ ■ -i^' , , ■■ * 

Keeping in mind the' a'bove cauti ons regarding .the general applicability 
of. the term, "spectrum ef ficiency" „ several analyses of the possible 
contjributions of trunki ng tecJini ques to "spectrum efficiency" are .avail- 
able. These studies, deriving from telephone experience, show that 
trunk-ing techniques can bes^pected to s i gni fi.cantly reduce the prob- 
ability ofdelay in a system^f a fixed number of trunked channels. 

Chart No. 2.3.1 shows the!^robabi 1 i ty of delays that have been.calcu* 
Jated .for various numbers of' trunked channels un^der various conditions 
of loading.'' A s i ngl e channel , system is. included "(see dashed l ine) to 
illustrate a. boundary condition.. For exampl e , a /'4-channel system, each 
cha-nnel . loaded 40% , would present an pveral 1- probability of de?! ay of 
40% to any user if the sys.tem were operated in a conventional mode,. 
(See dashed l i ne . Each channel has the same probabi 1 i ty of del ay as a 
single channel system.) The . chart shows that, this delay proba-bi;! i ty 
would be reduced to 9% if those same four channel s, each 40% loaded, 
were connected in a trunked system. A 16-channeV system, with all chan- 
nels loaded^40%, would provide any , user with a .1% probabll i ty of del ay 
if operated in a. trunked mqder -Similar calculatioris are possible show- 
ing the theoretical, reduction's in wai ti ng^^times , rather than probability 
of delay, -that can result fromvtrunking available channels., (See Chart 

2.3.2-.) . • \ ■ . ■ ■■ ■ • . ;■ . . 

The application of- these generalized conclusions to a specific mobi le 
radio service presents certain difficulties. The ca^l cul at i ons from 
which th'e above charts are derived assume a telephone type environment , 
wherein a large number of randomly ^selected cal lers are attempti ng to 
communicate with a large number of receiv^^rs over a limited number of 
channels. A similar situation may or may not exist in the various ser-. 
vices that constitute the land mobile communication community . .\ 

Subsequent descri pttons . of 1 aw enforcement systems operational needs 
^Siection 3.2)* shoWs that this analys is does not. exactly represent law. 
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- enforcement operations. In 'thos.e* types of systems,, generally a single'^ 
caller (the dispatcher) must^ communicate with a large number of simul- 
taneous recipients <the patrol units) 'or one (or more) • of the patrol 
units must .communicate with/ a dispatcher, 

^ ,^ ' ■ . ' — ■ ■ " ■ ■ • 

Since the number of system/ users at one part of the system (the dis- 
patchers) is relatively small compared to the number of users at the 
other part (the patrol units) , the basic mathematical formulations used 
to develop Charts Nos • 2 .3.1 and '2. 3;.2 should^ not be applied too liter- 
ally to.the public safety' service* For example^ the nature of the law 
enforcement operational procedures may cause the probability of delay to- 
be not only a function of the number of radi o channel s , but also a func- 
tion of average mess-age/length ,, time requi red to service a . message , the 
. . nijmber of unfits per channel and other s imi 1 af - factors . 

These observations are' not intended to negate the possibility of spec- 
trum-related benefits /that might be derived, from trunki^g. sThey-' are - 
* offered to show that the present popular calculations of potential 

benefits are based-upon assumptions that dO'^Qt preci sely pertai n to the 
public safety service. They are not likely t^provide a h^ighly exact 
.. V basis for determining the .increase 'in "spectrumveff ici.ency"' that m4^ght , 
derive, from trunking* public safety radio systems, nor cal cu.l §iti ng the 
number of trunked channels that will provide a required level of ser- 
. ' vice. ' ^- i 

If one is lo a'ssu.me^some relativiely large sized system, for example, one 
haying 10 patrol a^reas with 10 dispatchers, it is pos's\bl e" tha-t the nU'm^ 
ber of channels needed can be reduced from the 10 channels required in a 
y conventional ^ mode to s.bme .smal Ver number if the system is operate'd in a 

> trunked mode. Just *how much of a. reduction may be possible cannot be, 

determined from these, figures . Law enforcement, communication systems 
designers^ must provide near, absolute assurance that the sys tetfis • will 
support, the leveT of service required to satisfy the law enforcement 
m.isisibn und.er peak 1 oad condi ti ons . * Therefore, t^ie possible reduction 
of channel needs that mighK-result from the use of/ trunked systems in . 
law enforcement can be determined, with the credibility necessary for 
future system design, onl^from practical experience, 

2!^3.3 ^ Trunked -System Operational Concepts > 

2.3.3.1 General \ - . ' / ^ ' ' ' ; ' 

A trunked communication system is. one. in which users, at either terminal ' 
' . ,9.*^ a multiple l.in.k path 'have access to'all the ci rcui ts between the two' 
' terminaTs. In the classic telephone case, a smaVl number of lines may > 
: connect' two exchanges. A caller from one exchange can reach th^ ther 
exchange via a^iy one line. The. next caller to use the same -cir^u . t i s 
>- ; given the next unused 1 ine and so on, until all the 1 i nes -are occupied . 

In; this way no one caller experiences a busy signal until all the lines . 
are in use . > • 

^ The antithesis' of this approach is the "conventional "system, wherein • 
one or -more .of the customers at each end are ^assigned one specific cir- 
cuit. In this case, as soon as a circuit is placed in use , "th& res t of ' 
the customers 'assigned to that circuit must wait until the call is com- . 
pVeted , . even, though the remaining circuits -between the two exchanges 
* . might not be busy. . . ^ 

■ . Traditional frequency assignment concepts in the land mobile radio ser-- 
vice. have constrained o-perations to .this 'latter type of conventional 
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service.' Users assigned to a gi ven f reque.ncy^mus t awai t the avail - 

- 2 9'- 



ability of that frequency to initiate their communications.. Ev.en though 
nearby frequencies assigned to others may not be in ase, they are not 

available to non-assigned users . - , . . - 

- ' ■» ^ . 

■ • Current concepts • of trunked system operation overcome this difficulty b/ 
assigning several frequencies (5 to 20 two-frequency channels are now- 
considered by the FCC to be a practical number in a single system) to a 
larger number of users. Users are given- speci fic frequenci es by auto- . 
matic switching techniques so that no one u§e> experiences a "busy , con- 
dition unless all the frequencies assigned to the system ire ^n use at 

the same time. ~ ' . 

■ ■ . ■ ' - • ' ; 

The nature of a trunked system is such tha^ it derives its spectrum 
* efficiency benefits by combining the RF cha-nnels i nto. a common pool for 
use by all users of the system on either a first come, first served 
basis, or in accordance with some prearranged scheme of priorities. 



2.3.3.2 Component!; of Trunked Systems 

The techniques for *accompli.shi.ng this automatic switching involve a num- 
ber of s-ystem elements described below. 

a). The base site transmitters and receivers . "Jhe base station install- 
ation includes a number of transmitters and receivers eq-ual -to the- 
number of'chanhels assigned to the system, each' operati ng on a 
designated frequency. These transmitters and receivers are individ- 
ually conventional in operation and are connected to primary power 
sources and antennae just as if they were elements of a standard, 
conventionaT system: These units can be switched- on and off by a- 
collocated (usually) electronic control unit. 

The portable mobile transmitter/receiver unit" . This^unit operates 
similar to a conventional mobile or portable unit. In. addition, 
however, it incorporates a frequency change capability that can' be 
controlled by a data command signal. A data controlled frequency 
synthesizer is a possibility; however,' a mul ti'-channel crystal ex- 
citer, might serve the function also. Incorporated in the portable/ 
mobile unit is an address logic cap'ability, i.e., the logic ability 
'to recognize its assigned unit designator, or address i and, to comply, 
with frequency assignment commands'. ... , 

The control channel . This is the hear,t of a' trunked system' s- oper- 
ation. It includes a separate transmitter and receiver at the fiXed 
site, operating continuously on a fixed frequency, sending. -various 
items of control information to all portabl e/mobi 1 e- units- or system 
control points.. PorJ:ableymobi 1 e units monitor or reply on this 
channel whenever not transmitting or receiving on an assigned chan- - 
nel in response to §-<comma^id. 

Tlie" sy stem's lanquage :^^ Here is included the manyL system features 
that dictate how the system operates. It i.ncludfes the data system 
concepts that establish what the,, system does and how the. system . 
functions. It -fs made up Of a digital data stream transmitted on ^ 
the control channel that addresses each portable/mobile gmt to pro- 
vide information regarding RF channel, assignments for each addressed 
poVtable /mobile group or unit. The composition of th.is language 
and ^the constituent elements of the instructions contained therein, 
directly determine system functionaVperf ormance. " . : . . 

System xont roT points One or'more transm.it/rlceive uni ts .^usually 
fixed Sat can be mobile or portable-, in the system' having the abil- 
ity to direct the control channel. By so doing, these points can . 
initiate .calls to designated units or groups of units or i n .other 

■ ■ ;■■ ■ ' ., \ ' ■ ■ 2.10, ■ 
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ways exercise control, ever the- system. • Such a unit wauTd normally 
be assigned to a dispatch center. There can be more th^n one co1i- 
troi point in a sin-gle trunked system', each serving different users 
^nd gejierally unaffected by each . other's operation.- ' ' 



2 • 3 . 3 . 3 Trunked System Configuration 
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Each mobile and contrar unii of a truAked system is assigned an addresi'- . 
This address includes a group designator in addi tion ~to the discrete- 
k22: !3«'r-ess, siniilar in concept- to a seven digit .telephone number. The 
•base, station cont^l channel constantly transmits coded instructions 
'that inc.lude address information and frequency assignment informaticTn. 
All mobile units assigned to .the system monitor this channel whenever^' 
they are in a stand-by mode. - • ' ' 

When a dispatcher initijites 'a cal l to units in a patroi area , the con- '^"^ 
: trol channel carries instructions to the units in tha^ patrol area Xby-"^^ 
.addressing them all via their group designator) .and directs them .Ito jnaVfe' ■ 
from the control channel to a frequency that" the central control urftt. ' 
nas determined to.be unoccupied at that time. All.-units in the desig- * " 
n^ted group hear the fixed site (and, a rebroedcast of the mobile- trans-^^ 
mission If the system is so configured). All units of .other groups re- 
main on the command channel or on a working channel if they are occu- 
p 1 e d . - ^ ^ •: 

When mobile units have moved to" a-working frequency, a-"han<i sh?ike" 
takes place by transmitting' 'ch.eck*' signals 'that assure cthat. the mobile 
units are on the same working channel as the fixed station. This a3 1 
takes place in small fcaxitions of a second. Depending upon system or- 
ganization, a working channel may be hel d for' the duration of a message 
or of just .a single transmission. Upon completion of the traffic ex- 
change, the units revert automaticalTy- to the command channel.- 

Shou-ld a member of a group wish to tnitiate^. call , he'automatical ly- ' 

, querres the central controller via the ^command channel by simply de- 
.P''??f^"? ^Ije microphone switch. Xhe automatic controTler. sel ects an 

< avai^able,frequency.and directs the mobile unit'to move io- the channel 
selected. This commaad information can also be received by other mem- 
bers of; that gr^jup and their units automatical Ijr moved ta the channel 
selected so that they would moni tor the commuhicatfons; • " 

^ '.■ • < ■ . , "i ■■ 

Should mobiles be required to communicate-"with o'tlter- mobiles or units 
other than the dispatcher, both units wouVd switch- to a -.designated new 
address. For example, if a unit from-Group 1 23. required to communi- 

. cate with a unit from Group 321, each could be directed to-switch to a 
Common group address 456. Tiie control unit woald recognize this' as just 

. another group cal-1 . . v ' - 

. ■■■■■■■■■■■■ 

The command channel is a data/^lfnk; suitable to a standard 3 KHz voice " 
channel band width. iUata can be .transmitted at a- rate that permits com- 
plete command information transfer in small fractions of a second.. As' 
a result, all of the automatic change T~ swi tching takes place in the time 
It- takes, .the operator to depress the . raTke buttoh. 

There.are two important benefi-ts to be derived from these techniques. 

.The first IS the reduction of ..probabi lity. of ,,delay resulting from the - . 
availabilTty of. all RF channels to ajl lisers at Ifll times." fSee 
Section 2.3.2. ) The" second may. be oIF - even greciter importance. The sys- 
tem s. operational configuration is no longer 1 i-mr ted by channel avail- 
ability. Special functions can be accommodated by letting up special 
■group addresses rather than through the use of discrete channels. The 

•potential value of this latter tool >=m- configuring systems to provide 
complex, user-orienffed functions ^"s "di^fficult .to -fully appreciate at 
this time. 

' . "2.11 ■■ ■ ;• • ■ ■ • - . • ■ 




Pcesent tr'unked "system concepts all ow . the command "language to provide 
rtioV-e items of . informatian .^than merely . a-ddress- and ^requency^ ins tructi on . 
•Priority instructions can be incorpora-te.d. Status - information .^can* be 
• transmitted with the address group permi tti ng di rec t interf<ice with com^ 
puter aided^ dispatch systems. ^ Only careful analysis of user functional 
needs will determ'ine which of. the many possibi 1 i ties- inherent in this 
concept should be i ncorpora ted . i n .a ■ gj ven system design. 

Because of the random frequency selection problems,' it is impractical to 
use remote repeater confrgurati o.ns . ha vi ng fixed frequency- of f sets to exr" 
tend coverage throughout areas beyond the coverageCjof a single trans- 
mi tter' location .". Trunked systems can be - used in repeater type systems- '■ 
where repeait • transmissions are on the .same, frequency as the primary 
'transmission. This technique ,^ called "simulcasting", has been us.ed on 
occasion at the lower bands. Very close tolerances of-.RF carrier fre- 
quency and audi^o envelop phase shift are required to prevent interfer- 
ence in^ the zone wherfe signals . from both transmitters can be receive^.. 
Such frequency control has not been demonstrated in practica-l\systems 
at 9Q0 .MHz at this. time. , ' ' / - " 

This limitat-ion does not apply, to 'satel 1 i te recei ver s ites. Shqu fd ^'re- 
mo.t-e recei ven capabi 1 i ti es be requi red , ^as ' in the ca'se^of portab.l e • sys- 
tems, each satellite insta-ll.a.tion would have equipment req^tii red tomoni - 
tor d-1 1 frequencies avai Tabl e to . the -system , eacti conjiected to the cen- ^ 
.tral" control uni t thro.-ugh appropri ate voting systems by the usual land 
-line -or microwave system..^^ ■ . 

The above description of trunked systems is sparce. It does not-des- 
cribe various specif ic system 'functions consi dered proprietary by those . 
vendors now developing such systems. It does show the cri ti cal el ements^ 
of .such systems' and- bow they function It is intended -only to provide 
.fami^l iarity with the basic system operation so that -judgments .cai^ be 
made^regardi,ng the potential appl icabil i ty- of these techniques to speci- 
fic user requirements. - , ' 
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2.4.1 



General 



T^ie concept of eel lular systems , contained in D'o'cket No. -18262 poses one 
of the . mo'st far , reaching i nnov'ati ons i n. the h i story of r'adi o communi-ca- 
tions. The. ultimate objective of .this concept is to make mobile tele- 
phone service available to the general public in'mu'ch the same way that 
the pxiblic switched tel ephone service ; using fixed wireline connect- • 
ions, is used today. ' - . . - 



.Trhe problem that ha^s prevented the development oT such 
past is the lack of the h.uge number of frequencies 
quired to serve*. the large number' of 
day techniques were to be employed^ 
normal coverage pattern ^(f)erhaps 25 
separate channels would be required 



ser^T ce 
that would be. 



in the , . 
re- 
general .publ i c* elastomers , if present ./. 

In a given service area ,: using "a ' 
to * 50 -mi 1 es ..i n radius), thousands, of 
to service the hundreds of thoi*s'ands 



of mobi le cljstomers that' might reasonably be found in the area of cover- 
age. ■ : '/ -• ■ , ^ . ^ /: • ' ' ' ^ V . " ■ 

-Modern- compu.t,er technology , coupled with the capture eff ect phenomena; 
inherent in a frequency modulated radio system, offers the potentnal 
r for overcoming these difficulties. The possibi 1 i ty. now exists that such 

•service can.be pro vided us ing a reasonable, and riow ; a va.i-l abl;e' a t 

. 900 MHz , number :of ^RF channels . . Several ;techn><^.ues have'been proposed 
to-provide- these service^v Development "programs are under way in Chica- 
go, II Tinois and Newark, New Jer^. License applications have been . 

/ ' ^- • . ' ' ' 2 . 12 ' . - - 
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filed for additional cleveliopmen tal celluTar syst^^n^s in Balt-imcpKe^^ar^.- 
.land. The%e systems vVry in techniques ancfc geometry, '^all having a^-cora- 
nipn 'otjectv;ve * , w service to the general public* using 

computer-aided, switching and repeated use of frequencies within a 
de'ftned area of' coverage. The (fol lowing description of the technical 
.concepts ts not intend^ed to be an in-depth description of any one sys- 
tem. It is intended only to present? the general principles, upon which- 
suc^h systems ooerate. ' ' , 

^ • . ' ■ • . \ 

Cell ular . System Organ izat ion . ' ' 

The basic principal of operation of cellular system operation is .the 
division of the, overal] area of desiYed coverage' ( for the purposes of 
thi s discuss ion it. .will be assumed that the desired' area of coverage 
is a single cvty, though this limitation is by ho means necessairy) into 
a number af sma 1 ler ' geogra ph fc^ areas y p r cells. Radio coverage-^f each 
cell i s; pro vided by 1 ow power ( relatively ) transmitters and fixed -re- 
ceivers. Typical sizes of such cells may be only a f ew mi 1 es acnass . 
(The optimum size of each cell is a subject of ce-ntro.versy and one of 
the differences- between the various, competing-^^t^vej opmen-tal systems. ) 
While each cell has its own transmi tters and recei vers , opera ti ng on 

^>5signed frequencies., adjacent cells will have different frequencies, . 

^byt frequency conserVati on occurs "^by rep.ea ti ng^ f reqjje^ci es ^in eel 1 s 
separated by other cells. .'As mobi-le vehicles move from cell to xel 1 
the capture effect, i.e., an FM recei ver ' s capabi 1 i ty^ of responding to 
the .strongest signal. on frequency and ignoring others, and the relative- 
ly - Tow power* of the fi xed , transmi tters , prevents interference. . 

As tfte mobile unit moVsr^ from xel 1 /^o cell,. its recei ved frequency of 
op.er3tion can be au tomati ca 1 1y swi tched as needed by tec'hniques inher- 
ent\iri the system concept. Central compater swi tchi ng provides con- 
tinuous connection of the cell in use by the mob'ile to the system inter- 
faced usually but. not necessa ri 1 y the' wi rel i ne^ tel epbone system . ■ 
. ■ 4. . .'■ ■ V . . " ■ ' ' ■ ' : " ' . " * - ■ ' ' 

By-such 4 system, the number of simuTtaneous"* conversations possible 
within a cej 1 .'1 s .1 i-mi ted by the number of frequence es 'assi gned in each 
cell. Mobi'le units rec.e'i" Ve conti nuous .service as they pass from-ce'll 
to cell through central i zed 'swi tching ^of the cells in contact with the / 
mobile unit. A reasonable number of f requenci es- can be iised to- supporM 
a . 1 a rge -number* of customers through mu 1 ti p 1 e repeti ti on of frequency W 
usage. ^ . ' ^ 

The objective of such systems is to provide telephone type , . cus tomer-to- 
-customer servi ce,. throughout a designated service area. ;There is signi- 
ficant tech n 61 ogi.cal devel opmen t and economi c i nves tmerit needed before 
such systems become v/idespread. 1$. is . clear that it will be many years 
befo>e such systems will have demonstrated their capabi 1 i ty and reli- 
ability to th-e degree necessary to make th^ a vi abl e_cons i dera tion in - 

serving public safety comjnuni cati ons. needs . 

, ■ « ' . ■ ■ . , ' ■ . • ' ' . fi 

• ■ • ■ ■ 

900 flHz EQUIPMENT AVAILABILITY 
General 

At the time thii study was initiated, none of the vendors fn the land 
mobi 1 e communi tyy li s ted baise .sta ti on or' mobi 1 e equi pment sui tab! e for 
900 MHz use in. t)\e public saf ety " service as., standa rd" caita 1 o^g items. 
Since that time s\yeral major vendors ha ve adverti sed cpmpl ete 1 i nes of 
base and -mobile equipment/ Other'^ vendors have 'equ>pTTiehts iii development 
and promise f ul 1 a vai lab.il i tyi n the near future . By the beginning of 
1973 a full line.of base arid mobi 1 e equ i pment should be a va i Tab 1 e .from 



most, of-the vendor^ in the public safety field. 

y- ' • Costs; cldse.ly track, with those at' 450 MHz . Vendors cla'i^m 'that' 900 14Hz • 

equipment will, cost* initially between IDS and 202 more to manufacture 
0 than *simi lar units designed for the 450 MHz bands'. . , . ^ < ^ 

. . At the^time of writing., there is no 900 MHz pontable. e'qui pmen^'prt^ the 
market, although niast vendors observe , that this -is due to the lack of an 
immediate market rather than because of technol dgi caj, difficulties. Mp 
equipment specifically designed for use in public safety- t run ked systejns 
is available'- The following Section provides a description of these 
equipments and relates them to past experiences on lower bands. 

2.5.2 Description of 900 MHz Equipment ' ■ ^ 

2;5.2.1 Conventional B"as,e and- Mobile 900 MHz Equipment 

V The m-ost apparent difference between , present day 450 MHz equipment and* 

^<tive available 900. MHz hardware is the.need for an addi ti ona^' stage of 
multiplication in thie transmitter exciter-'and recei v^r local oscillator 
chains. Designs now being offered by ma jor vendors i ncorporatne existing 
chassis, IF stri'ps, audi^ boards , and'. exci ter chai'ns> An additional 
doubl er s ta'ge- is /^dded; and a new 'f i nal ^ power ampl i f i er ""f or transmitters 
and new receiver front end are needed. Solid -State RF devices^ able to 
provide required levels of power output, are readily available at a cost 
only si ightly hi gher than for those at 450 MHz. Osci 11 ator 's tabi 1 i ty 
must be improved ;to meet FCC stand-ards fc^ut this has proved feasible. 

... ■ . . c . , i ■ 

Stripline circuit 1 ayout techni ques , 1 ong used- in the lower bands, find 
.similar application at 900 MHz, the.-pri nci pal 'difference b^eing the 
changed size of the ci rcui t and the; rers^lti rig. need for greater precision 
in fabrication and handling. 

• A • -. ^ J. ' ■ ■ " .' 

noteworthy characteristi c of the .990- 'MHz equipment now a vai 1 abl e "i s . 
that' full coverage of both the tra risroit and recei ve. bands is p1)S.STble 
with'Out retuning. The bandwidth of th^_ f ronfc; end ci rcui ts. i s such that 
ful l -coverage o'f tKe authori zed band i s^'^ppssible by only changing the 
'oscillator frequency^; ' - ^, " 



2-5.2,2 Portable Equipment 



No conventional portable, equipment has been 'announced or promised, for 
use at '900 MHz. Vendors are in general agreement that this ;is due to 
-'lack of;' a ' present market to justify the research and development invest- 
tment. There are some i nherent' "di ff'i cu>l ties i n the design of a conven- 
tional 900 MHz pqrtabl e-;. transcei ver but none that appear to be beyond 
state ^f the art 'resol u'ti on . * / . ^ 

The main difference between existing 450 MHz and 900 MHz equipment /is 
the need for an additional stage- of doubling, both for the transmitter 
exciter and for the receiver local oscillator chain. This requires 
^Tjditional space, and also adds to the battery drain. If unfits are to 
meet the 5-5-90 duty cycle f or an 8-.hour . Sv'hi f t, then portable power out- 
. put must be kept as low as practical , keepin^g operational needs in- mind. 

- . Estimates are that a .2 watt 900 MHz portable might have a size and power 
, * "drain similar to ^hat of a 4'!'^tb . 5 watt, 450 MHz unit. 

... •/ • . . - ■ ^ ^ ' - ^ . 

/2.5.2'3 Ancillary Equipment ■\ *, ^ . ^ 

* ' ' ■ .. .' ■ • > 

:; Antennae., coaxial cables, dupl-exers ,. connectors, and similar equiptnertt. 

' ■ V . " -, 2. .14 "• . • 
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'are now available for 900 MHz.land mobil e systems . A variety of anten- 
na-e configurations have been developed so that systems designers have 
flexibility of choice. Low loss coaxial cable, while relatively expen- 
si ve,_ is avai 1 abl e_. . ______ 

The main distinction of 900 WHz ancillary equipment is the degree of 
■ care with which it must be ha-ndled. A poorly installed coaxial connect- 
o.r» that would cause loss of several db at lower frequenc^ies can -render 
a 900 MHz system compl etely i noperati ve . - * *: ' ^ - 

2-i5.3. Trunked System Equipment . ' - : 

There are no^trunked systems, currently in operation, nor- do any of the 
^known vendors offer/such systems as standard items. Several of the 
» vendors describe breadboarding such systems. Such . breadboard model s are 
being used to develop and evaluate system concepts*.' Many of the system 
elements ^have long been in existence or have been devel oped for use in 
other types of systems. • Remote- cont-rol or switching of transmitters and 
receivers represents nothing new to the land mobile field. High speed 
'switching of oscillators is well developed. Frequency synthesis tech- 
niqujes are well along. While, there are many pitfalls possible between 
the availability of a technology and its implementation in a practical 
system, trunked systems do not require tlie resolution of yet unsolved 
theoretical problems. 

As of thfs time no definitive requirement, specifying the -functional 
needs of a law enforcement trunked system, has been prepareti. It is 
only to meet such- a specific set-of needs that a specific system- can be 
designed. It, is estimated that the design and implementation of' such a 
• system^.woul d require IS to 24 months after the specific needs were es- 
tablished. ' ■ ^ ■ . 

Portable* operation poses more difficult engineering problems in a 
frunked system. The trunked , portabl e. unit has" the same basic design' . 
requirements as the cotjventiona 1 portable descri bed above . This means/- 
increased doubler circuitry and resulting battery drain. To the ' trurfked 
portable must be added a multichannel exci^ter , efther crystal controlled 
or frequency synthesized, plus 'the logic circuitry needed, to decode 
address and frequency instructions on the command channels. No vetidor -.r, 
• Hias published any .indi cation of the early devel opment of units with 
these .ca*pabi l i ties that meet normal operational requirements for size, 
.weight and battery life. - ' .* ^ * 

This implies that near term trunked system development w.ould involve 
mobile only systems or' some form of hybrid system using trunked mobil es' 
with conventional portable units. Depepding upon the operati onal needs 
of the agency i n vol v.ed , such systems could be configured by having the 
portable work conyention^Tly through a tr unked mpbi 1 e unit in a,, repeater 
or relay type mod:e,^ having a'' separate con ven^i onal network for portables 
that interfaces with a trunked mobi le system, or other ' suitable conflg- 
iaira ti on. ' 
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2.6 • "MANAGEMENT INNOVATIONS 



2.6;1 General 



The . regul atory environment establiJShed by th^ FCC for operatioh'-of ^ anil 
, ^obi r-e systems in the 9D0 MHz ban^* i nc^l udes a new concept of asystem^ 
management^ not. heretofore permitted Commun'i ty r;e^p.eatar^ and radio 
■'common carriers ha ve 1 onV b^een i n use by the biisniiess cx)Tnmuni ty.^at the 
I'ower bands, and are al^a a.utharized at 900 MHz. In addi tion , the Com- 

.'" • • - " . ■- ■ ■ ' / . : •■ 
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mission iTas^authorized the establishment of Special Mobile Radio Systems 
(SMRSs) whose organiza-ti ona 1 conceptsWere recognized as necessary to 
fully exploit the adva-ntages of the trunked system technology. (For 
definition of these terms and detailed discuss ion of their regulatory 
"rol esT" see Chapter r . ) ^ . 

As described in Section 2.3 of this Chapter, the spectrum efficiency 
advantages believed to result from. the trunked system concept spring 
from a conceptual scheme involving a multitude of callers, randomly 
seeking access to a mul ti tude of cal 1 reci pients . Statistical analysjs 
shows that the degree of improved spectrum efficiency resulting from 
such a system configuration is' dependent upon *the number of channels in 
the "grab bag" of channels that is randomly available- . The theoretical 
advantage of sugJi 'a system is therefore largely dependent upon the num- 
ber of users th.ft can be combined into a s i ngl e system. In a major 
metropolitan area this need could be satisfied by the requirements of a 
single agency due to its size. However, in those communities having no 
one^agency large enough to fully 'exploit the i nfrerent'*' capa bi l i t ies of > 
the -trunked concept, it might prove splctrally advantageous , and econom- 
ically necessary, to combine the communications' requirements of a number 
of agencies into one municipal systeml In this case, the SMRS concept 
provides a system management structure sui^table to support the" needs of 
all users . 



- The SMRS Concept - 

J" ■ 

It seems heuri s t ic^l " y ev c'ent cnat the typical commun-ity could improve 
spectrum ef-ficigncy .id enjoy the ope-^ational benefits of a .sophisti - 
cated trunked system if several- di ffe-^ent community agencies, each ;now 
requiring: an individual communication network, could pool their avail- 
able channel needs in such- a manner-trat the individual channels would . 
"lose" their identification with the individual agencies and become 
.available for the use of the entire community". 

The objective of establis.hing ^MRS was to ma ke such a - system more W' 
attractive f rom -an' economi c 'and, managerial pbin't of. view. An SMRS., as 
conceived by the Commissi on , is an economic 'entity established by a,n 
entrepreneur, on a profit-making basis ( this prof i t-maki ng element is 
authorized , but it is not anM'nherent requi remeint under the Rul es) , to _ 
provide services to those, mobile communications users WHO WOULD NOR- 
MA.L:LY be LICEHSABLE IW their own RIGHTS: . An SMRS has two uniquely 
.distinguishing cRarac ter i-sti cs . These 'are : (aj^ the SMRS -is authorized 
to provide fixed radio • services (under^ current, rules the^ users of these 
services must own the control points, and mobile units themsel y es ) to 
land mobile -users who are in themselves 1 i censabl e under the existing 
r^ulations of ^the Gommissi-on; '(b) the SMRS is -not authorized to pro* 
vide services -tb the pub! ir in general and therefore is. excluded from 
regulati on as common -carri er by the i ridi vidua:! states Al l regula- 
tory authority over the SMRS res Ides- i n the FCCv , . 

V ' ■ *" ■■- • ■ ■ ■ / \ ■ ' . ■ \ ' : . ' ' ' ' ■ . \ 

This -niew. concept w^s the co>herstone-of much^of the controversy* regard-^ 
i ng the pjomul gati on of the present 900 MHz^egul at>ons under Docket . 
No. . T8252\ ' Chapter; I discusses th-e 1 egal Yanpificat.ilons of this concept 
and* presents some, of "the^ qu"estio4i*s^ sti 1 1 ta be .answered Chapter III 
^disiruss^es the poss^ibje appl icabi Vi ty of - this x:oncepr to^tfie Taw ^nfoVce- 
ment communications . community showi ng^ some of ttte probl iems and the : ,/ . 
opportuni ti es .presented . ^ . • » 

The existence of s,uch an ^entrepreneurial/ fuhcti on provides the commun- 
ity, leaders .with the possibility of contracting the fixed portion of 
their community's tax-supported communication network, in whole or in 
part , th rough competi ti vely sel ected^ con tract ural arra ngements . Supef- 
vfic.i ally, *it might -seem that s uch arrangements wouTd reduce the tax- 



supported maapower requirements of t.he community government, provide for 
increased efficiency through the consol idation of resources, and permit 
greater managerial effi ci ency through the competitive coritractural 
selection process.- However, the possible pitfalls of such a simplistic _ 
' view shoruTcJ not be ~o verlobkedV" V r- - : 

Such entrepreneurial functions should not be confused with "tele^phone . 
type" service. As pointed out a.tove, one of the distinguishing charac- 
teristics of an* SMRS is, unlike the public telephone network, its exemp- 
tion from state regulation. Such organizations are prohibited from pro- 
viding services to the public as a whole. It seems, therefore, that 
ma^ny of the economics of scale now enjdye-d by the telephone services 
might, not be available to a^n SMRS, " ' ' 

Because existing restrictions on SMRSs precl ude them from owning the 
control points and mobi le instal lations , the procurement and maintenance 
problems encouhtjsred . by a tax-supported agency would not he signi ficant- 
ly reduced. Finally, the degree of "competitive procurement" that might 
-axtually take place seems questionable. It is unlikely that, within a^ 
typical community, sufficient capital^ would -exist to provide a signifi- 
cant number of bids competftive wi th. an established SMRS once its equip- 
ment f\as been instal 1 ed and amortized. 

On the other hand,- there i s nothing in^the exi sting ' regu 1 ations that 
precl udes the es tabli shment of SMRS by .governmental agenci&^. Should a 
community decide ttiat^its mob-ilev communication service cou^ best be 
•provided through^ si ngle fixed station manajgement entity, it now has 
available under ttre Rulers tfee. mechanism tp- establ ish such an ent'ity. ' 
Whether this. serVice would be required^ to operate in a conventional ' 
mode or as a trunked -system. would- be a* function of channel loading and ' 
the Commission's regulations. > ' ^ ^ 

- - . ■ y ' .. ■ ' ■ V* • ■ ■ ' 

The .previous Sections of this Chapter^ describe trunking concepts , the • 
status of equipment therefor , arid the functional implications of this - 
"techniq.ue.-^hese discussion? have significant bearing upon any decis"- 
ions regaV^ng the .desirability and costs'of esta^l ishing^MRS . The - 
readef'-s attention is invited to discussions in Chapter III wRicK deal 
with, the- operational .considerations and the functional requirements of. 
communication systems in support of the law enforcement mission. .These 
basic mission-oriented needs must be the dominent considerations in the 
selection of any communication system management technique. • 
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CHAPTER III-' . • . • 

V 

OPERATIONAL SUITABILITY OR THE 900 MHz SPECTRUM 

; ; _ ;_ [ . ^ ^_ . ' _ . _ 

INTRODUCTION 

Chaj)ters I and II of this report have described the background of the 
opening of the 900 MHz band for land mobile communications. They have 
presented the regulatory, managerial , ^technologicaj "and economic factors 
that affect the way in which this new portion of the spectrum can be . 
made available for law enforcement communicati ons • Thi s Chapter pre- 
sents.:a generalized description of the operati on of law enforcement 
communications systems and the system needs that derive therefrom. This 
description provides a basis for th^ analysis of how the 900 MHz .spec- 
trum, as now made avafil abl e , /iiiay or may not contribute to meeti ng these 
needs • , , , • . • 

'The growing demands '^for public safety services by the .general; publi c 
and the- increasing requirement for the application- of sophisticated; 
technologies in support of law enforcement objectives, have imposes! i n- . 
qreasing demands upon the capabilities of' law enforcement communication 
J^stems. These demands are, in turn, imposing new and stringent re- 
qu^j^em^ts upon law enforcement communication systems performance. They 
arepTating even greater requirements upon the el ectrbmagneti c spectrum. 

The advance. of technology has recently . presented new opportunities to 
alleviate these problems. It is now feasible to produce equipment that 
can operate at 900. HHz in a practical, day-to-day environment. This 
technological" development, recognized by the FCC in . its Docket No. 18262 
proceedings, has nearly doubl ed the amount of spectrum available to the 
land mobile community. . . 7 

Trunlci n'g techniques , as defined in Chapter I and descV'i))ed in Chap- 
ter II, offer the possi bil ity of significant- improvement in spectrum 
eff iciency and' a hope for i ncreased spectrum a'va i J abi 1 i ty . These tech- 
niques also offer opportunities for new approaches to systems management 
that may yield significant improvements in the way public safety^com.-. _ „ 
munication systems can respond to the needs of their users. The pur- 
pose of this. Chapter is to analyze the extent to which these t.echnolo-.. 
gies can ;contri btite to the solution o^f law enforcement's present and 
future communi cat ion problems . To do^ thi s , i t. wi 11 identify those 
special ,requi rements of .a law enforcement communication system and 
thereby pointvout the major functional capabilities that systems 'con- 
figured under Docket No. 13262 requi rements must provide.^ . . 

The experience of the last several decades indicates the naivete of.- 
stating that such-and-such aT requirement cannot be satisfied because. of 
technol ogi cal 1 imitations . A technical solution can eventual ly be p'ro- 
,vided to almost any technological problem. But these ..sol uti'ons may be* ' 
long in coming, and"^ they are i ne-vi tably expensive. The present problems 
faced by community, municipality and state governments, demand near term 
s.ol utior>:s : It is insufficient merely to assert-^hat such-and-such a , 
capability "can be done" s imply because it is technologically feasible. 
Whether or not it is real i stically feas i bl e , whether or . not i t is cost , 
effective, whether Or not' the ri sks -of * deyel o-pment can be borne by the 
taxpayer, are al 1 questions that demand^ cl ear-cut answers / vJTieref ore , . ^- 
a study such as this must dea^ with the real world lof that^^hich i"s 
practical now, \as well as in the'future. . ^ , ^' ^ " 

;Howev§r,rin the urgency of today's problems and the pressing needs for 
their "solutions , we shoul d. recdgniz^ that 900 'MAz represents the thresh- 
old of a new era in communication nirajnagemerit . While principles and 
policies established in the comi ag , fljlonths and years will be the 
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described rn Chapter- I-I r-tTuiik 
vance;.;in technology. As of this writing a jrfunked system fully satf 
Tying the needs of the public safety commupfity has not been demon- 
strated. TheT-CC has, in Docket No. 13262(, promulgated a policy 
in:tended to ;'lead to the' eventual use of tjAjJced systems throughout the 
maj or portion of the 900 MKz , spect-rum . The^^^enf orcement communi ty , ^ 
long awaiting the spectrum re.l i ef of f ered by t>ieS900 MHz band, is now 
looking toward the devel opment .and demonstrat i on of trunked-' systems that 
meet both the Commission's goal of increased sp^ctjrum efficiency and the 
communi.ty ' s needs .fo> cjost effective, ^increfysedCeiferatiDnal capabil - 
i fci&s . - . ^ " . ■ " . ^ . ' . ^ 

Those responsible for the expenditure of local tax funds have .speci fi c 
responsibilities. Research and development and the ri sks attendant 
thereon, are not normally parts of this responsibility. While-the* 
federa.l government Vcan, and -probably should , take s.uch risks to advance 
the state of the art on a national bas is , i t is cl early ^ not the cole of 
the taxpayer of a local community to engage i n the high risk and high 
cost research and development p-rograms needed to develop, theoretically 
possible but still unprjDven techni cal concepts. A local community, to 
solve its prbbl ems , must, rely upon proven t echni ques and established- 
concepts. The local ;^ommunity must laok to the vendor to assume tech- 
nological responsibility.' The local community must define' its require- 
ments in terms of the techno 1 ogy tj^at the vendo^r is willing to produce 
and guarantee. " - 

Therefore,, this study wi 1 1 e'val ua te the technologies and concepts of the 
9<00 "MHz »bind* in . 1 igh t of those equipments currently offered by the ven- 
dor cojnmunity , or /those, technologies that the -vendor community asserts 
will be available in the near future. / . : . ' ^ ' 

FUNCTIONAL DESCRIPTION OF LAW ENFORCEMENT. COMMUN I CATION SYSTEMS ' 




General . , • . . 

Public safety, and particularly -law enforcement, com^muni cation systems 
. have a common ''characteristi c that distinguishes them from other services 
in the land mobile communication community . Thi s characteri s ti c is 
simply that-they deaX directly with^the safety of th'e public. The 
agencies these systems support are directly xesponsib'le for the prbtecr 
ti^ri of the life and property of the citizen. In the performance .of 
th>S^ responsibi l^'ty the indiv.idual members of many of these agencies ' 
have. as routine an element of. risk to their personal safety sel dom 
known to the*res't of the land mobi 1 e communi cation communi ty . : f\ 

' ^ / " - ' ■■ . ': ^ ■ 

These systems, therefore,- must have performance characteri sti cs tail - 
ored with this consideration in mind-; The safety and the protection of 
life and pnoperty bears with . it a responsibi li ty f ar.-beyond that of 
' publ ic convenience, entertainment^ prof it or"mere. economic efficiency. 
Since the risk element of,, and the dangers' to , members of the agency 
are unpredictable factors neSter precisely foreseeable far in advance, 
the system must Jbe tailored to satisfy both normal and peak requiVe- 
,ments on an i.nstantaneoas , 24-iidur.'a day t^asis. . ^ 

These;, considerations '^re not thearetical ia. nature. They -have very 
prac1:ical aspects In 'the development of public saxfety communication sy's-. 
terns /Resign. Wh i 1 e these systems must bbta.in maximum, litil izati oh of 
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the 1 Imited spectrum, they must al so.. marntal n the required degree of 
performance at the least cost to' the taxpayer . AbovjB all , they must 
guarantee to those responsible for the agency's performance that the 
v system wiTl work' as needed to fulfill that agency's responsibilities 
— „._._._u_m^d^P -a-1 1- reasonably -fores eeabl e -cond-it ions-. — ' 

These systems . must be cost ef f ici ent to operate in the routine mode, hiJt 
"V they must al so/have the capabi 1 i ty to handle peak loads in a highly \^ , 

effective, o pera ti orially efficient manner. They must satisfy local 
tv'^ ^ needs whi 1 e also supporting regional and national systems requirements. 
They must be capable of expanding to meet growing community requirements 
while also able to operate 'at reduced levels under conditions of man- 
made or natural di sasters . 

' The safety considerations and. the' operational procedures established by 

.. Vaw enforcement agencies must be the basic cri teri^a^f or design and 

planning det:4^ions in the development of public safety communijcati on 
networks: . Cn^nel ization plans cannot be drawn sol^i^r^on the basis of 
/regulatory chatinel loading standards. Channel uti 1 izatMon , measured in 
• "terms of percentage af occupancy, is not the only cri terrpn of the 
ef f ecti veness ■ of design. ■ 

While it is val Id to^)4^)nsider loading standards as a measurement consid-^ 
' ^ eration when designing a routine dispatch network, the public safety 

system planner mustyalways keep in mind the fact that life, and property 
• can be jeopardized by inadequate communication facilities. the effici- 
ency of the public safety system is measured not by how^ ma^^mobi 1 es can 
be placed pn a' giveh number of channels, but rather how'^e^H»6ctively the. 
system supports the\>erformance and safety df thei r pe^onnel as they 
fulfill their responsibilities for the protection of the public. ^ 

The managers of law enforcement communication systems are responsible 
to the ele.cted officials of the communi ty . This responsibility cannot 
. ' ' be del egated to a regulatory body. Nor should it be diluted by regula- 
tions or guidelines perpetrated for adiidnistrative convisnience. 

The following descriprtion of the general operational characteristics of 
typical municipal lew enforcement agencies is provided to-assist the 
reader in u-nderstandi ng the rol e that, must be ^performed by a 900 MHz 
law enforcement .communication system. For more detailed. explanation, 
the reader is referred to the Bit)\i ography . V ■ - ^ . » . . 

^ ■ . ■ . . V ' ■ . : . " . ^ 

3.2.2 Law Enforcement Agency Operati onal Phi 1 osophy ^ ^ 



Any 



an^^^sisvof the sui tabi 1 tty of a particular communication technique 
foV a particular law enf orcemen t 'f unct i on nust be based upon an under- . 
standing of tlie roTe that^the communication system must f^ulf'i 1 1 . The 
first step , therefore, in det ermi n i ng the operational suitabi 1 i ty. *and ; ^ 
the technical adequacy of the new 900 MHz band is to understand ihe way 
that law enforceFnerit communication, systems support law enforcement ml 
agencies' operati6<nal ^eeds. , . ^ 

Whil-e a grf^t~ portion of a 1 aw-.enf orcement communication system:*s air 
time is SD<ent in what appears to', be "dis^patch" type operat ioirs , i t - . 
should b^T- recognxzed that there are prof ound differences be^Vfeen' Taw 
enforcement (^^jnmuni cation functions and Jhose of otJher users of "^the 
land mobile spectrum. / • ^ " . t 



, -J * 
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~ Project Series Foundation of the Assocnated Public-Safety Communications Officers, Inc. 
prepared by ITT- Research Institute under Gtant No. NI 70-091 from the U.S. Department of Jus- 
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The first and most obvious difference is the fact that protection of 
^ life and property of the public and of the i ndi vidua! pol i ce officer are 
dependent upon the speed and accuracy of the communication network. 
While these priority considerations might be difficu^qt to relate, to 
— ---s pec trum-^1 locate nxmethel^ss be^kept i-n nriTid when- 

' eval uatlng. the^d#.gree /of compromise with which public safety communica- 
tion users -can view t/i^ade-offs between system performance and spectrum 
conservation. , \> y 

The term "dispatcher" as applied to a law enforcement comniuni cati on net- ' 
work may be an unfortunate misnomer. ^ It may lead those not familiar 
with law enforcement operations to xbnfuse the functioning of a^law en- 
forcement system with the more widely use^d. and perhaps better understood 
"dispatch" systems f oundi n- other portions of the land mobile communic'a-. 
tlon community. In a law enforcement radio system, the dispatcher. Is 
an extension of the command authority needed to supeVvlse and coordin- 
ate the activities of the deployed forces on duty. As such, the dis- 
patcher does far more than merely direct mobi le units to specific loca-j/^ 
tionsi * "^^csi:;^ 

There is an iterative communi-cation process between the dispatcher and 
the patrol units. It is through the totaT provtsi on of all available 
information to the patrol unit, in even the 'most routine case, that the 
patrol officer is able to properly plan his acti ons upon arri val at the 
scene of an incident.. This prior preparation and employment of optimum 
techniques -suitable to the situation are vital to the safety of the off- ' 
icer and the fulfillment of his responsibilities to the citizen. 

A further requirement of this law enforcement network, imposed by. the 
need for command/control type operation, is the capabi 1 i ty f or instan- ; 
tan^eous . substi tuti on -of the routine dispatch- function by that of a 
supervisory level officer. As incidents .increase in level of severity, 
- the communication network ceases, to resemble a dispatch type function 
and assumes a command/control nature. The communication network must 
make possible reliable, multiple communications betwe-en companders and 
selected uni ts in the field.* The duty * supervisor: must have the ability 
to receive information deployed, from utiits and to issue i nstructions to 
those selected. ^ - , . . 

"Inherent in the functioning of a law enforcement patrol force Is the . „ 
concept of mutual support. Each officet keep3 abrea;st af developments 
- within his area of patrol respons^bi 1 i ty by ^moni tori ng the dispatch - 
chaanel. This i^, the primary means- bywhi ch he 1 earns' of devel opi ng' 
.situations and can be prepared to -render assiste^nce to other officers 
/In. a..mi-riim£im amount of time. / --^ : * - 

"Sbe patrol element is the cornerstone of most law enforcement agencies* 
functional procedures in the fulfillment of their responsibilities for 
the safety and welfare of the publi^* A patrol *el emenr is usually a* 
one-man (sometimes two) vehicle^signed for a given period of time to^ 
patrol throughout ^a designated^g^ographical section of the community. 
.T-hls geographical -area may vary during different times of . the day or - 
; different days of the week. "The number o^f veh tales assigned ^to a given 
area- may also be a variable, adjusted in accordance w1 th operational 
and managerial decisions of supervisory Jofficials. • - 

The lifeLii»-nt>f this, patrol officer is his communication link with the 
' dfispatcher. I/i the case of routine complaints, the dispatcher is ad- V 
. .. vis.ed of the reed for service via a telephone calVreceived by the 

telephpne answ.ering desk,, or in some cases by the dispatcher himself. 

Information obtained during this telephone conversation (frequently 

from a disturbed or highly emotional .citizen) -is then relayed to the 
' patrol vehicle, most appropriate to re:spphd to the conjpl^aint^; Based 

■- " . ".3.4 ■ • y ■ : ^ ; / .. :i ;. ' 
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upon the. nature or the sev^erity of the incident,' more than one ve'hicle 
may be assigned to service the complaint. ' ^ 

In many of the larger systems much of the complexity of the .dispatch 
- f unct i on i s -ass i s ted -by -computer -stord;*5e -and - i nf ormat-i on -proce — ~- 

These systems not only improve resource allocation through optimum 
use of manpower; they also provi'de additional information to the off- 
icer, thereby contributing to his ability to effectively discharge his 
responsibilities. • . • ^ 

In a routine case, t^he patrol officer receiving noti fi ca ti on -of the 
need for service makes judgments based upon the i nformation received 
regarding the most appropriate manner for him to respond to tire, situ- 
atioh/VThe decision made at this time can greatly affect the safety, of 
the citizen and t he of f i cer i nvol ved . Should an officer arrive it the.^. 
scene of a'^disturbance unprepared to handle an' armed criminal, his life 
may well be irt jeopardy. On the other hand , o ver-reacti on to a routi n6^'* 
family disturbance can waste a communi ty' s resj>arces and cause undue ^. 
embarrassment to a normally law-abiding citizea*; 

Normal resource management requires a flow of information between the 
dispatcher and units in his patrol area. Status reports and updating , 
including such items as in or out of service, report on scene, assign- 
, ment coinpTete , etc . from each unit as appropriate , provi'de a continuing 
pictur^e of- the ac t i vi ti es and, resource s i tua ti on throughout the . pa trol 
area needed to make necessary management decisions. " V ' ' 

As a s i tua ti on develops ,• i nstances' occur that require an. iterative 
series of transmissions between the dispatcher and the patrol vehicle 
in. orde> to exchange aecessary information. If the officer requi res 
the assistance of additional- vehicles to properly contain an incident, 
this information and erny needed gtii dance . regarding -thei r disposition is 
relayeicl to the di spatcher . I"^ an incident grows in scope,, the communi- 
cation link ,can then' be' ,sw.i tched to aXwatch officer^, a senior super- * 
visor on duty who is capable of providing incident'^management and higher 
level supervi s i on . . / . 

Depending upon- .the procedures of the agency i nvolved , cpmmunicatio,ns 
-between patrol utii ts mat be requi red to coordi nate their responses to 
an event. Such .fl exi bin ty of communi ca*t ion can be vital -in providing 
rapid, coordinated suppor^t to u ni ts i n vol ved ' i n critical situations. 

■ ' \ ■ . \ , ^ ^ "f y . ' ■ ' \ / , ' . '. ' - • 

While one ma jor inci dent may be i n progress and cons"unii ng significant 
portions of air time , the" other- routine ag^ency activities throughout 
•the rest of the community must continue to be .,s upported . the, routine 
dispatch channels in support of ' other requests for assistance. must be 
unimpeded by' the focus-of attention on any one si gni f i cant event. 

Larger 1 aw enf oHcement agenci es- al so have special squads providing on- ; 
going services in support of specs^al i nyesti ga tionsyand X)ther law 
enforcement acti viti es Special squads for particuTNar. s urvei 1 1 a.nce 
activities may be established, - ^ V 

Major .pubVi c ac ti vi ti es ; i . e, parades or other gatheri ngs , may require 
.the organization, coordination a'nd command/con trol of a -specialized 
group of officers for limited p.eriods of time. Mass demonstrati oas ,or 
public d-istu rban^es such a is /riots may . occur requ i ring 1 a rge. concehtra- 
tions of law enforcement activities, coordinated and managed from a 
.single c<>ntro,l uni-t.< At times of a ^ ^ ^^9^ -P^bl i c disturbance or wide 
area- di saster , extensi vecoprdi nation may be required among . law enforce-^' 
ment agencies %nd between them and other public safety agencies. Exper- 
ience has often- shown ''the need for a separate command ch'annel , open to . 
the overall emergency activity supervisor and those. subordinate unit 
commanders directly responsible to him. Availabil i ty of such a channel 
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reduces confusion by insuring communications flow that . f ol 1 ows the 
chain of command, thereby insuring the ordierly di.ssemi nation of 
instructions-. ' - 

■ ■ ■ ' .- .... ■ V ■ ■ , ■ }■, . 

-The-.Jn-tro^c-ti on-^t- modern d-igi 

criminal justice system has .^Drovrded a new and valuable tool for the 
routine pcocess.lng of law enf orcement^compl aii nts : Mobi 1 e and portable 
^digital teriifinaJs in the hands of the "individual pa.trol' officer are 
now glving^.hiffl the capabil ity;:f or direct access to state and national 
criminal history files. These wide-area information systems are rapidly 
becomingan Inherent part of the -operation of modern law enforcement 
agencies.- The ability to check license plates and drivers'' licences 
-^.against state ffles has become a major contribution to 1 ncreased '^appre- 
hension rates. Routine checks for stoleft articles and -vehicles, in 
. national fi les have contributed significantly to'the recovery rates and 
^apprehension of wantei .crimi nal s : ; ' ^ ' 

* ' ' ' . 

The above general i zed descri pti on. of 1 aw enforcement communication sys- 
tems operation appl ies. broadly to the majori ty of municipal 1^ en- ^ - 
forcement agencies. While the bas ic pri nci pi es i 11 us trated apply to all 
systems, there -are many local variations in techniques . For example, .\ 
-some agencies may have incoming call s recei ved by one compl aint taker 
who, in turn, makes the initial dispa^ich of .a patrol car to the .laci- 
dent and then relays, control of the incident to a sejjarate dispatcher ' 
to monitor activities In the patrol area. Other agencies may have 
individual dispatchers recei vi hg ca 1 1 s for assistance and then dispatch- 
ing the needed assistance. Jn larger systems-, compl-aint calls . are 
received by one individual (or one of a group of individuals designated 
to receive complaint c^lls) and appropriate information .passed to a 
dispatcher who maintains radio contact with uni-ts in his as-signed 
patrol area. But in any event, there must be one centralized point 
where knowledge of the activities within a designated patrol area is 
centered * .. .> 

Law. enforcement s;ys terns can have many /addd ti onal operational require- 
ments 1:hat affect the organizati'bn of the communication network. . 
Depencjing upon gfeographic. and political requirements of the agency, 
many /factors 'affect the -design of the system. Some agencies require 
mutual a>d cha^nnel.s , area coordination channel s , interagency.^coordi na-^ 
atiqn channels and various. intra-organizati on links. -These coordina- , 
-tfon links, can often be . provided by relays through a"^ central communica- 
tion center. This techr\iqu'e is prevalent in the 1 arger munici paT" areas . 
Also, a number of agencies have 3 need for interagency comm'uni cati ons 
between the mobile uni-ts of many separate activities. In ^suburban and 
county type agencies, eac* car needs not only to communi ea'te wi th its 
central dispatch and control points but frequently must also have facil- 
ities for car-to-car communications with such agencies as highway 
patrol, fire, and- other public saf ety ac ti vi ti es . - 

This functional descri pti on i s i ntenti ohal ly sparce. itsi purpose is to 
give the reader a basic unclerstanding -of the nature of faw ^forcement. 
communication networks.. It is i ntended to show some of the special ' 
characteristics of these -networks and how their functional characteri 
tics jdiffer from a typical business or industrial land mobile commurtif^ 
cation- system.^ iPjtjblic saf ety systems are not purely dispatth systems 
wherein a central of fice broadcasts general information of iTiterest to ^ 
any one or to , al 1 recipients . ^^^y .^^^ complex command/control systems,.^ 
providing .for the inter-relationship of diverse ^ergency-oriented 
activities throughout the community. The efficiencies of these sys- 
tems- are not measured only in terms of do! 1 ars or by some standard of 
channel loading. The efficiencies of these systems are measured in 
the lives saved an^ the number cf criminals apprehended. ' 



3.2,3 Minimum Functional Needs 

Law enforcement systems have certain minimum functional requirements in 
common. They are: ' \ 

, a) Certainty of communication . ' • . « • 

\^ ' This concept includes requirements for total coverage of the desig- 

nated area of responsibility, relia'bility of equipment, intelligi- 
biTity, arid immediacy - - The xole of the law enforcement communica- : 
tion*" system in the preservat-ion of life and property and the,appre- 
hension qff criminals places high emphasis on. these characteristics 
of the system. 

b) Multiple user monitoring capabil ities . 

The Operational procedures of most ag-encies require that all desig- 
. nated units in a given area monitor designated communications with- 

in that area at all times. This i^s necessary to assure inl^ormed, 
fl exible,' mutual support when needed- . — 

*■ - ' " . ' ■ *" 

c) Pi screte , sub-unit channels ■ ' • . * , 

; Various designaited groups and/or~ acti vi t1 es require communications 

independent of the basic dispatch channel. Spec ial^quads ; such as 
/ detective, narcotics, etc., or special events such riots or 

crowd control, require individualized communications, controllable 
from a field and/or central point, simultaneous to but not inter- 
r fering with the. routine dispatch systems. . 

d) Interagency coordination capabilities . .v., - 

Mutual aid requirements between adjacent agencies, and coordination 
. and cooperation needs among different law -erifarcement networks and 
\ • ' ' ^ .between rel ated; publ ic' safety agenci es , .demandf often complex and 
' ; fl'exibile interagency communications interfaces.-. 

Thi S" s ummary i s not intended to be a comprtehehsi V^e ,?l'1s t of system " 
requirements. Ideas such as cost effect! veness , rel iabi l i ty, main- 
^ . tainability and operability certainly are Important. Many different 
agen,cies with different^ spans of responsibi 1 i ty will have other 
vital needs. It does represent , however, the fupdamentsl , irreduc- 
ible minimum requirements, that any regulatory scheme dr technolog- 
,ical capability must accommodate. 
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3~,3 TECHNOLOGICAL APPLICABILITY 



3.3.1 General 



- This Sfection discusses the technical capabilities of the 900 MHz 'Spec- • 
trum as they relate to public safety communication systems needs. It 
deals wi.th inherent 900 MHz phenomena as appl i ed to .publ ic safety ne^eds 
' • For the sake of clarity, the analyse? of this Section are limited to 
conventional type, systems . For those considerations peculiar to 
trunked techno Vogi es , see Section 3.4 below. 

3.3.2 Relationship of Propagation Phenomena to Law Enforce ment Requirenients 

The propagatiofi phenomena associated with the 900 MHz spectrum^des- 
cribed in Chapter II indicates several characteristics' of significant 
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importance; to the public safety .law enforcement xonimuni ty.' The' most' 
f obvious of these are path ;oss calculations, scattering phenomena, and 

,noise characteristics.' * - " *^ ■ . ,■ ^ 

3.3.2.1 Path Loss Considerations ' 

Propagation calculations show that *a "normal" 9{Jo MHz system d&siqn 
involving usual or rea-dily obtainable mobile and base station powers. 

Jh"i?S"ff i'f'^^^'^r- ^a^d FCC limitations),' in ah environment 

' wnere electromagnetic pollution has-not been permitted tofdeVelop, 

results in an urban coverage radius of 15 to 25 miles.' These figures 
.- - indicate that the 900 MHz- band might be qxiite suitable for typically 
urban and, i n ma.ny -cases , suburban systems. .. 

On .the Other hand, "normal" VHF high band systems, us ing s imi 1 ar standa rd 
or readily available cpmponents can be-^^Xpected to provide coverages 
with radn in the order of 50 miles. Therefore , the V-HF high barfd can 
usually be expected (other donsideratioils not dominant) to provide more 
economic systems for rural or wide area, coverage , such as statewide^or 
countywide systems. It must ^be emphasized, however, that this is not a 
hard and fast rule but. rather a broad, gejieralft^. There are many other 
• variables that can ^af f^ct spec i f i c sys:t^ms .rfes igrls . Spectrum avail- 
^ . at)i\ity^ interagency^ Coord i na'^ti on concepts, topographical factors, are 

^Dust a few of the tons iderations that must be evaluated to^determine 
the optimum' frequency band to be used in a specific application. 

.A variable, of yet i ncompl etely def i ned operational effect, is th^ sus- 
' ; cepti.bility of the 900 MHz frequencies to fol iage attenuation^ Various 
studnes have discussed this phenomenon but no knov/n analysis'has 
yielded def-initive data regarding its impact on urban operational sys- 
tems. In regions with heavy foliage, coverage has been found to vary 
^^'^f' seasons as trees shed or grow thei-r leaves. In the typical urban 
environment this phenomenon can be expected to have little impact. How- 
- ever , -^ol iated areas such, as parks, locat^ed near the extremities of the 

area of coverage, may well '^equire more than the usual levels, of signal 
strength to assure reliable communication at all times. 

3.3.2.2 Scattering Effects ^ , v 

One of the most important phenomena associated with 900 MHz that affects 
its;applicability to public s-afety, systejms is the scattering effect 
-demonstrated by. these shorter wavel engths . Theoretical considerations^v 
•an<i experience! to date have shown that the. short wavelengths^of 900 MHz 
radiation are randomly reflected by m-ao-vmade structures normal Ty. found 
in . a typical* urban environment. - This scattering has the benefiri'al 
effect of filling in " hoi es " or dead spots that often exist in Targe 
metropolitan areas when. 4jsing 1 ower frequency systems. These . holes can~^ 
cause serious coverage problems at the lower bands., 

The end product of this phenomenon "is an as yet imperfectly defined 
propagation characteristic. No formal propagation model f ul ly account- ' 
Ing f^r these effects is known. Experience to date i nd-icates tha t 
coverage throughout a given area can be significantly better tfjan the - - - 
theoretical projections using classical propagation anaTysi s -^'"Whi 1 e - 
the coverage radius of a 900 MHz system may be somewhat less 'for a ' , ' . - 
fixed ^amount of power 'than that of the lower bands; the probabil i ty of *^ 
, coverage throughout^ the total area of interest maj^vin fact ,';^.be V^eater- ■ 

A corollary of this p+ienomenon 1 s that 900 MHz s 1 gnal s ^il so appea r to - 

give Improved penetration within man-made structures^. Evidence to daTte 

and results described in Chapter XI indicate that communications within ^ ", 
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and'through buildings, tunnel s , etc may, in fact, be better ^-than that 
possible with the lower bands./ These two phenomena suggest that 900 MHz 
radiation may have chara<:teristics particularly suitable for the public 
safety communications in more denseljrpopu 1 ated Durban areas. 



3:3.2.3 Noise Immunity 



Theoretical calculations and observed i|i^fliPca 1 measurements Indicate - 
that the level of ambient noise existent. in the 9QD MHz- porti on of the 
spectrum is ^normally negligible. Noise caused by thunderstorms, solar 
temperatures, and other natural phen/Olmena doe's not affect system per- 
formar>ce at these high frequencies. / Man-made noise such as ignition, 
neon signsv electrical mbtors, etc. I has also 1 ess notix?eable .effect at^ 
900 .MHz/. As- a res.ul t^ in densely popul a ted* Urban areas .in which the : . ^ 
.ambieat. noise level 'constitutes a ma jor consi deration of system design • Jv-. c 
at Tower f reqtfenci es , 900 MHz can enjoy a measurable systematic advan- > 
tage in that full benefit can be taken^^of the sensi ti vi ty and; 1 ow noise 
figures, possible in modern receiver designs. \ ' V 



3.3, 2,4 Foliage Effects 



There are tv*o characteristics of the 900 MHz spectr^uiii that may cause 
operational difficulties. As stated, the shorter^ wavel engths of 900 MHz 
are' susceptible to attenuation by foliage. Studies by the DelTartment of 
Defense have shown such attenuation can be significant while at the 
same time difficult to predict. Credible engineering answers regarding 
the extent of this, prob.lem in a typical urban -env i ronment have nQ^^a^ea 
developed*. Systems are now being installed, and the r^easurement^^1 
operational characteristics expef i ence^ can provide the basis fg^ 
systems design ca 1 cul a ti ons.-I ^ - If 




3-3..2-5 Picket 'Fenci ng Effects ^ 

Another phenomenon associated with these s-ort'-r wavelengths is the 
characteri'stic called "picket fencing". T-he reflection of these shorter 
wavelengths from terrain an.d structures causes random reinforcement and 
cancellation of signals arriving at the receiving antenna. 'This results 
in areas of greater than expected .signal strength followed by severe 
signal loss only'sev^eral. wavelengths away. To the systenr user passing 
through suqh a fi ejd oi' coverage in a . veh i cl e , . these, rapi dly fading- 
's reinforced signals-may pose d i f f i cul t probl ems of .i ntel 1 i g i bi 1 i ty . 
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and 



the effects of 
safety communi- 



This ".picket .fencing" phenomenon 1 s pa rfi cu 1 a rly pronounced at the outer 
reaches-oi" coverage.. Researchers have indicated, holes in which signal 
strength' may vary as\;much as 30 d.b from the . projected mean path loss 
As of this time no reports have been devel oped detailing 
this phenoijienoh on -the day-to-day operations of a public 
cation system." - ^ . . ' ' ' 

There appear'to be several solutions to this problem. The first would 
be to define the operati ona 1 ' area of coverage somewhere within a. radius 
in which the phenomenon d i d not cause signifi cant performance degrada- 
tion. Another approach would be to significantly over-design the sys- 
tem power level, for the radius of coverage needed and thereby "brute 
force" the coverage to maintain a. level of si gnal suf f i ci ent for receiv- 
er limiting at all times. (This approach is seldom satisfactory^) A 
thi rd' sol ution might be to provide fill-iti repeater .s"ysteras.. A fourth 
possibility is to incorporate significant advances in the sophi stica- 
tion of receiver design. ' ' ^ . 

These problems do not appear to be unsolvable.. They ^re merely engin- 
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eeri ng diffiQul ties, to be. overcome in. any giveii system designs 1 ^ \ r 

3,3.3 Operational Sui tab i 1 i ty 

Improved building penetration and .fill-iri resu4.ting from 900 MHz scatter 
effects suggests that t^ese. frequencies have . a potential for an improved 
level of Service i n u rbahr'^a reas . The increase in the >probabi 1 i ty that 
ccmmumcations will be maintained with -age/icy personnel throughout the 
assigned area can contribute^o the- safety and*, effect i veness of the law 
enforcement officer, ^ . * . 

• ^- 
As this report, shews , howeyer ,>r' th ere may -be gaps, or holes, in coverage 
... ^ .due to propagation anomalies. The absence of documented operational 
^ • - experience with thes^e frequencies makes it di ff icul t^'to f u 1 ly eva 1 ua te 
^. . the impactxof such gaps. "Experience with lower f req^jency UHF systems 
•* indicate that coverage problems resulting from such gaps can often be 
minimized by operational procedures." * ' . 

Once practical /experience has been obtained using operational systems^ 
it is r^easonable to expect that empirical engineering, data will be 
r acquired that will permit system design techniques that will redude^ the 

effects of such gaps to acceptabl e level s. 

3, 3.4 - Cost Unknowns • • - 

As to be. expected of a developing technology, 900"MHz -system costs can ' 
' not be projected with a high degree of accuracy un-tij considerable ex- 
.perience has been acquired by both the vendor and the user communities.. 

However, general cost projections are now possible. At the current.- 

stat« of the art, and as described in Chapter II, prices for conven- ^ 
. tJional 9a0 MHz equipment are somewhat higher (about 1D% to -20%) than'for 

Jbwer bands. - ^ . •. 

These cost projections are based^upon "individual elements of hardware. 
■ -^^ ^^^y do not ir:. :orate all the ramifications of overa 1 1 system design. 
Until such time more system experience has been obtai ned , calcul a- 
tions as to^t^e nuribers andMocations of remote receivers and repeater 
equi pments l^us t oe based upon estimates. Depending iipon the- experi ences 
gained in ^aluating "picket fencl'ng" and f ol i age 1 osses , there may be 
a need for a greater number' of rep-eater and satellite receiver ins'tall- 
ations 'than those experienced in similar lower frequency systems . . This 
problem may be particularly significant when personal portable system 
configurations are considered. (-See Section 3:3.6) ' 

Considerations for Site Selection 

Antenna locations and heights of f i xed s tati on^s are- important, in 900- MHz 
system design. The loss characteristic's of transmission lines at those 
frequencies make it necessary to locate transmitters and receivers, 
reasonably close to .their antennae. While the cost of low loss trans-, 
mission Vine is somewhat greater th^n more conventi ona.l . Vi ne , i t 'i s 
still within the normal budgetary cons tra i nts of public safety-communi- 
cation systems.' Site selection must be. done j</i th care and cable runs 
kept as short as ^practical . However, there aVe no i nJierent techni cal 
.characteristics at these frequencies that differ greatly from those ex^- .. 
-perienced in the 450 MHz band. - f 

Considerations for Conventional Personal Portable System Desi gn . 
' .The i ntroduction of personal portable radios in, law enforcement comm'unir^* 
. • V - . ... 3:10 ^ - ; 
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cation systems is a major trend'of the future. More and more of the 
metropolitan agencies are usiag this concej>t to provide continuous 
•communications with 'the patrol officer. 'This system configuration, how- 
_ever, requi res specialj attention .for the 900_MHz sys tem_ desi gner . . 

Present personaV portabl e system design is based upon a network of sat- 
ellite receivers sited throughout the area of interest, cannected to the 
command* center by either dedicated telephone lines or microwave systems: 
Low power personal/ portabl e transceivers, can receive messages from ,^ ^ 
either a high-powered central transmitter or-thraugh rempte repeater' 
transmitters. However, the limitations on the amount of, energy a port- 
able battery can s1;ore. and the need to have the unit operaMe through- 
out an 8-hour shift, limit the portable 's. output power to usually be- 
tween 1 and 5 w. Reliable coverage i s *proy ided by the relatively large* 
nuniber of satellite receivers.. The portability of the umt itself de- 
m'ands that it be Vight, weight and that the antenna be as small and non- 
directive (therefore with relatively low-gain) as ppssible. 

The preservt state of the art..of recei^ver design, coupled. with the low 
a'STbiefit noise of the 9Q0 MHz region, indicates that overj^TJ- system, p'er- 
formance at 900 MHz will be comparabl e to ^that achieved in the ^50 
region. The potential ly greater efficiency of .the small ^,:.-^hi gher /re^ . 
quency antenna, .and the 1 i kel i hood^ qf^more ef f e^ct i^e ground plane pr(f- . 
vided by the pprtable unit i tsel f arid the body of the user, appear^to,* 
Bpproxirr.ately/compensate. for aqy overall -path Toss deficiencies. 

Another consi deration in 'portabl e system design is' the DC to RF xonver- 
sion efficiency, i .e'.., the efficiency with' which the power amplifier 1n 
the portable converts battery power to 900 MHz RK energy. At th^ pres- 
ent state of the art, the convarsion efficiency of the f i aa V ^mpl ^ ^ er - . 
is only slightly less than t^at experi enced a t 450 MHz^^>^n additionally 
Stage of mul tipMcation is currently used to provide th^e high-er fre-r 
quency excitation 'to the amplifier stage. This mea'ns that it takes a 
greater amount of battei^y energy to generate the same amount of RF out- 
put power. ^ * 

These considerations indicate that no significant, fundamental problems 
confront the designer of conventi on^l personal portable systems at 
900 MHz. The number' of ^a tell i te, recei vers may have to be increased in- 
som'e cashes. If th-e power output is. to remain the same as art lower 
bands, there may be a need" to improve battery I'ife or. reduce battery 
bulk and weight through the use of more advanced battery techniques.^ 
Future portable systems might also provide -for rechar9,ing facilities' 
during, the patrol shift. ' - 

The cost and system design implications of these factors cannot be 
determined with precision^ until such time as specific personal portable 
unit characteristics ar/ identified by the vendor cpmmumtv. „"owever, 
there appears to be no/te.chni ca 1 reason ,why conventi ona 1 900 MHz portable 
units that satisfy th^>ublic safety market's needs cannot be developed, 
once .^ttie user^ demand jus tifi es' theiV devel opment costs . 

OPERATIOfeAL APPLICABILITY OF TRUNKED SYSTEMS 

General • ' . . " . - . . - . ^ 

In view of the rafe of. development of moclern technology, it is- not a 
very productive exercise, to question whether this or that law enforce- 
'ment communication system requirement can or^can not be satisfied by 
trunked technology. There is no i nh erent. cha^racteri sti c of the trunking 
concept that makes i t theorett-cal ly jjnsuitable for the law enforcement 
need -- 5>.iven the right- assumptions . ' ' . 



There::are, however, such -f^eal" world questions tb be answered .as : vwha't="^^ ^ 
Su"f 2-*^ -to -f^e using agency , from the use of truoked technology? ^ . 

What benefits accrue to;the coirfmunity as a wRcle? What costs are in- > 
volved? • .WhatXtechnological arrid procurement risks existr What manaq*>- - 
^. mervt problems a re^^ in^^volved? " . ^ . 

P^erhaps /the 'most important question is:. Will these unresol ve:d' questi ons 
:. delay, solutions to. the urgent,- present day problems? WITl a/^ebatet)ve*^ i: 
- trunked systems and thei r 'operational applicability, their costs and " - 
. status of- development, only obscure the need for immediate solutions to' ^ : 
.immediate. problems? We- should take all possible steps to assure that. • ^- • 
this does not happen. 

Thie following d/^scussion addresses these questions in light of system " 
operational n'eeds, . current levels of technology, budgetary limitations; ^- 
and existing political and managerial concepts. 

• Trunkin- for Spectrum Efficiency ^ . - ' * . . . 

The reason stated by the FCC for the appTication'of trunked systems to - 
large scale systems ( over five cfiajiriel s ) is. the degre€ of improved spec- 
. trum utilization ( ef fir i ency) .that may.be expected. The spectrum, when 
viewed in i ts enti rety^, mu.st be carefully managed if all the evergrow-- 
. """S, competing demands placed dpon it are to be accommodated. Wit-hout 
. careful mapajement, vital services and valuable pu-blic needs may be con- 
. strained or unfulfilled because of crowded spectrum conditions on some 
\- ■ -:. frequ'encies while others remain unused. 

This :can be true of the entire spectrum not just one part. . Unused TV 
^"^nnels for exam'ple, are as much in need of modernized spectrum man-- 
- - . agement techniques -as are overcrowded land mobile radi^channel s . 

•In tlje world of present day spectrum management, the objective^f "in- 
' crea'sed spectrum efficiency" me%ns making'^.mor^ spectrum avai la'^bTe to 

.more users, within a g.ivei\ geographic^ area , at some defined level of 
service.; At the^ present time, for want of .a better standard"; "level of 
• ' service" in the -land xobile ra^rto service translates into channel load- 
ing*" which is currently^measured. by numbers ol^mobiles assigned to each 

channel. Chapter L of . this study rdescrib^es present Commiss^fcrh standards 
of loading in terms oflmobile and porta.^le units .per channel, at 900 MHz. 
These standards vary from service to ser^vi c.e-;i---i^^rjjiey differ depending , . 

upon-whether the systeift^is operated in. fhe conventional or trunked mode^ • 

: . * . • ■ ' - .. ■ ^' ■ ' ■: ' - . " • - 

Under the fommissrion 's present rules, the decision of a" public- safety / 
.agency' to -operate in a conventional ^mode or in. a trunked mode has-only / 

limited effect on the a vai labil ii:y of s^j.gctcum for other users. 'It 
. affects priin^Vily, the 1 evel o^servi ce experi enced by that agency.. 

By cKay of^ i 1 lustrati oh „. assume that a municipal law enforcement agency : * \ 
has 300 mobile units. Under .e;^| tfng "i^l oad ing standards (in pftblic safe- -, 
ty , the^standard "is 50 mobi 1 e uni ts , per channeT for a conventional syis- 
tem), that agency cou 1 d .a pp.ly for six channels; (assuming the Co^^^mission 
' would, al low six conve-nt^'onal channels . /or the sake of discussi on) . Once 
^> these six channels are assi gned , .the total remaining 900 tlHz land mabile 
. /^ allocation (inofluding reserve) of ' 594 channel s are available for^ event- ./ " 
* -uaT assignment £o other authorized users wi thi n. the same area of cover- . • 

^age. a Should the,;agency be< pei^i tted to operate these channels in a : 
conventional mode; it Kould enjoy one level of service. Should funds be 
■' . avM-labl e (and technology permit) for the agency to operate a trunked 
m.od.e, a level of service a-ttendagt therewith would be attained. But" 
. sihce\>the 1 oad ing .standard established by :the Commission for trunked 
^ systems is 60 units per chaorel tbe. number of channels required would " 

i ' b.eisix: five- for the mobiles plus one channel for control of. the 
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trujfked system. There woul d stiTl be only 594 channel's available for . • 
use by the rest of the land mobile community. The decision; 'therefore, 
might affect -the^' level of service attained', but would have .littli. effect. 
upon the aipount of spectrum 1 eft for use by others. - . ^ 

We should not be misled by -the fallacy of measuring publ ic safety .com- 
munication system charmel requirements by: some rel.ati vely arbitrary 
standard of "mobiles per channel " . While tF^:s term may, have some use 

■ - in configuring a heavi ly populated; ^disp^atch" channel, it takes little. 

■ • account or'the functional -needs for interagency ^communication channelsV 

special forces channels,- arid other complex, operationally based system - 
design needs. (See Section 3.2.) 

The discussion supports two very useful observations/- The f i rst- obser- . 
. vation is that trunked techni ques yi el d little improvement in spectrum 
" ^ -efficiency unless they are applied to rel atively large systems. As the 

above. tliscussS'on shows , no meaningful increase in av.ailable spectrum^; 

results from trunking a 300 unit system. A. si mi lar example applied to a 
. '^system supporting 1200 mobile units v Id yield seven channels for use 

by others when configured in a trunkea mode rather than in^aicqrhventi on-' 

al mode.!/ . ^ . ^ , ..c ^ "^"^ 

A second conclusion is that the degree- of imiproved spectrum ef f i"c ren^cy 
to be expected fr^ trunking^is rel ated to the number of mobile units^,-^ 
that can be accommodated on each channel, at a given- level of^rvrc'e, 
when the system is operated in a trunked rather than a conventional 
mode. While estimates of this figure can 'be made, no firm figures^wi.lV 
be available until evaluation of an operational system has been made. 
(See Section 2,4.) 

3.4.3 Trunking for System Capab^il 1 ti es 

3.4.3.1 Trunked System Capabil iti es ' ^ V 

The arguments pro and- rcon regaridi ng the potential for' spectrum effici e 
cy inherent in "the trunked system concepts should not oiscure the other 
. ^ potential" benefit^'of this idea. 1 1 is ,: perhaps , easier to un<lerstand^ _ 
these potential be^^tef its if the system is- viewed more as a 
. . system- rather than as a "trunked" system. ; ^ . • 

" The existence of ^ Cjontinuously operating control channel, directing- ; 
sp^ecifically addressed (with such unit /addresses, ch^ngeabl e at .w^ r\l> - 
units -of *a system to any avai la bl'e. frequency of fers bpportuni ties for v 
great;] y: enhancing a communi cation system • s effectiveness. By carefully .. 
' matching^' tlTfe"system:^^g2^ needs%f the user, unique^ • 

opportunfties .for iar^^sed operational flexibility, improved renabil- 
• *"aty-^, .and a Vignif rci^^ increased level of service: are presented.. The 
vV. :fbll3wing is butVa p^^^ial list offthe kinds of functions that can be 
Tiper^li^^ a trunked system. /-^ . . f - 



'^a) / Fl exible organi zatibnal rgs^onse% : The ability to address indrvid- 
- "^ Qal units or groups of units within jthe- systemMs inherent in the 
trunked system concept. This ability permits the do.nf i gurati on of. 
' groups of.mobile units, -each morii tori ng al T communi cations, between 
that ^roup and its control pointy but i ndependerit of the other- 
groups in tlie system. If a given patrdl are^ is ident;lf,ied by a 



17 Present standards call for channel loadings of 75 mobiles per channel; in systems^using over 

ten channels. 1200 emits would require 24 conventional channels^or IS trunked channels 
plus- one control channel in a trunked system. ' The channel sa^Ting: theoretically possible, / 
therefore, is 24 less 17, or 7 channels. • - 



■ need to switch its gro^p address ,to that' of the other . - ' 

n«d" or?J li?t^h's?r '^5*''^"^ '.^"^ communic'atlons. the moJ.?" unit 
?n ;v,n?r;i ^VVJ^Jj" -address to- a tactfcal grxup code and then-be 

P i 0 i ty d e s i q n a 1 1' 0 n s . T h e address format can contain priority ''^^ 
- raenLiTi cati ons permi tting designated groups to seiJe^^^^ 

rMJ"?l'/'3"''^^^?' of^their; use b-y other;^ ower orny -useJs - 
.^lrgJ^S"Ila?S" ^'^'"'^ several, level s>f priori ?y to i^cyudra-n' 



cQ- Automatic I D and status information . Each unit control channel 
- ^ . .. . ;«pons^ can .ii(:jude status and ID information needed L VnteW^ 

^ with Computer Aided Dispatch systems. cc^eu interrace, . . 

Improved system privacy. Vhe automatic frequency changi na' tha t 
• • S5t?r%:;i,^; each'^message increases the level of system^prlvLy V' 
• ^JrlLJ?* n ^r*^!? security (secure techniques can also incor- ' 
mf^oc^S^--?"^- result, the nature of the freq.uency changing 

makes monitoring. by casual observers difficult. 

• Selectable "lockout". At the di scretion of the system control 1 er " ■' 

unwanted units or groups can be "locked out" of ?hl system For 
inspnce, a stolen onit could be permanently locked out.^Should 
. an emergency create an unusual, communication requirement by one or ^- - 
- y°;;%g^OfP?'Jess^essential groups ca^n be "loc*e5 ou?" o^^^^^ 

emergenc^-'""" channel loading by those ; group^-not i nvol ved -i n the . 

' ' Dlncv''iI3^?'nl^i^ h L°ss Of a . single channel o^ily raises^ the:;^6^^^^^^^^ 

V ^ - level of the-remaimng channels. As such, th€ pro-babiTitv ' • - 

. , of increased :waTtTng times may increase but the system coht nuei 
■ - •fL*''-"'""^" otherwise no^rmally. .Under normal condUi-ons • thl sy^^ 
- -.. -i : . tern users would probably ^ot be aware of the outage. The need for^ ' ■ 

?-,--.vuisr^^^^ 

. ;■ ^) na gemen tin forma 1 1 o n . a v a i 1 a b i 1 1 1 v . The nature of the system con/^^ 

- , trormecKanism provides a readily available source of rieedld LS- ••• 

agement data. Pri ntouts descri.bi ng the individual ?hafel us^^- r - 

^ " V?" ?hr;?:l^ l^r^"" il^r? ^'^'^^ '^-^^^ describing the nu-mber: o?Jcalls 
nfi the time Of- day. total system loads , nuifber of. cal Is' per chan-- 

nel, and similar Items useful in: makl^ng management Walysi^^^^^ 

terns performance. .. .This feature- is^ of parti cul arVya^l ue durfng-Tth^ - 

fa"c'tul? S.'^^°^n^^Hr/^ ^^'^^""^ implementatiVn-as ,it can p?'- 
. vide factual data on chanrfel occupancy vs. channel loading, amount ' 

• of waiting time vs number of channels available, peak" loading fac- 
. tors, and similar data needed for the design of future systems. 

iiK- gystem adaptability.; All mobile units of a system can possess the ' 
, . capability Of .participating in all activities of the system sim" " ^ 
ply by changing: their adilress codes to that of other groupL' Mr 
instance, maintenance .vehic.les^.i systefl might have " 

' - • is2twL°''"^^K°''P^5'^^^^?- such^.their commu-nicitions w?3ld be . ' 

- n!^w— -"'^"'^fr^ °^ thei_r maintenance group. However, should the ■ - 
r ; need ;ari?e Jhe c.entral system controller would add their-group - 

- address to those involved so that the^ ' 

. • maintenance-vehicles could provide an additional resource fo> us"*e " 

• . in response to an emergency. '"r.use. 
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0 rd er ly qrb^t h c a pa b i 1 i ty\ A trunked system lends itself '^to an 
orderly grawtii process . As systenv' re'qui reme^its^ addi tionr 
al system «Dntrol capaci ty and needed addi tionaT f ix^d si te «>^t 
bility can l>e- added without outmoding existing equipment. Tmf in- 
herent design of the frequency -selection process in the mobile 
units coii-ld permit *arij^ frequency in the designated section of the 
spectrum, to be selectable on command. This capabi,li;ty makes posn 
sible the development of a total public. safety or local government 
service communication system, having each element opera^t^ng within, 
its own group and uaaffected by the participation of other groups./ 
Such an approach would distri b'ute * the channel occupancy "peaks be-^t^ 
tween the busy times of the various users while preserving the , 
priority status. of the emergency s^rvi ces through priority desig-- 
n5&tion;and the optional „ <sel ectable 1 ock-out' features of Jt-ems b) , 
and;^). above./ ' . 



Jhese operational possibilities, and others that may be develo|«d 
i^the result of operational exrperience, are not without/cost • • 
FoTTbwihg are several of the more dominant factors that must be . . 
evaluated Sin making a decision regarding the suitability pftrunked 
chnoiogies f or a gi ven cprrimuni ty : ^ ' |^ 




Single site coverage . The complex frequency selection process 
inherent in trunked systems limits presently practical system 
configuration to a single f i xed transmi tter si te . The needed 
control and. pitching complexity, that would be necessary lo 
permit remote repeater type operati on. would' raise the system , 
compl exi ty and cost to a level not now consi dered real istic .: 
"Simulcasting" or simultaneous broadcasting by two or more 
V transm.i.tters" is a possi bi l Ttyi howeverc;r: tKe degree of tr^^ 
^ mitter . frequency and audio control necessary has not^^j^t -beCT 
demonstrated at 900 MHz i n a practi c^l pubTi c saf ^ty^s^stem: 
While siich precision is within t-he scope of development, at 
*ffe -present time practi cal appl i cati oa of trunked systems y"^ 
appears to be limited to those Tocali.ties that can.be cover^ 
: from a single^^^^ site^ ^y^;,j^_ 

It 'shbuid^^^ does not apply to 

s^telltteJ^eceiver systems.^ These can be remotely located ju^t 
- as with dpnventioina V systems , and the; a^dio resul ti ng f rom .a :^ 
' voting ji>r&eis^i^e^^ the fixed s.ite- via- microwave or l^np 

lines :i n a no rm^l manner ^ ' 

2) Developmental Visk. No operating, pjublic safety trunked systems 
have been"demonstra ted as of thts time. Whi lis the i ndi yi dual 
components of thi s technol ogy have all been in- hand for some 
time, i.e., frequency sel ecti on" systems and digitally con-v 
trolled systems-, C>b system incorporating all these elements has 
been built as o^" Tate 1977. Therefore, until an operational 
system has bee'Ti installed and tested in the practical world , 

• there exists a'finite level of risk in building the lirst one. 

• This degree of ri^k i s di f fi cul t for an individual public safe- 
ty agency, or even a local unit of government, to assume- 

Costs. While the inherent operaitftfna3 capabilities of trunked 
"systems make pripe comparisons witk"like type" conventional , 
systems difficult, they are likely^ be somewhat more expen- _• 
si^e. A 'ibare bones", five channel trunked system might not 
cost any more than ,a .convent! ttna.l system of like capacity, ^ 
i-e a- six or seven channel system. However, a bare bones, 
trunked system does not appear capable of. satisfying the_ pub- 
lic safety users needs- Nor does t t seemV i n. • i ght . of , the _ 
greatly enhanced capabilities of a >bmewhat more sophisti catea 
.^^ystem, to be a parti cuTjarly ^-ps^^-effectiye ch^ ^ ^ 

-Jl ■ , ' -3.1.5 'js'i'-'- .-^ ~' ■ "': y^: ' -p K y 



lll^i^^f.^y^'^^^. costs are.-diffibcir.lt est^brtsh since theV ^ 
jre^fii gtny sensi tive .to factors such "as nuftbe'r' of 5^116^ 
eratif^s^'luir^^^^^^ and itje?- consid/ 

^Ja^^ab P ^h?c*^^^ ^•P!"^'^^"' "^wever, gross esttii^es ' 

ihoi-i ni^tmpc^ i^ ^"""^ l-n^icate that :trunked /systems mic-. cost 
*^ut lis. times to a maximum of ? +-;fiioe - . 



^system thp ImoMn? «i^'?-4rS^^ ^-^ """^h as a conventio 

system, the amount of difference being a function of the 
.d£5r.ee.^o.f sophi-Bttcation and capability reaui red 



, ; , . ; . f p::|:.^''to"?rss« Vn^];^^^ v^^v;:^^ 

■ ' ™I„?.^^^ While such dev6loD- 

. .. . jjents^are^p^^^^ it can be assumed that a large market 

^uJ^ JhrHoS f'^'"'* ''^^^'■^^^^ ^"^"^^'•s be expectid ?o ven- 
ture. the develppraent costs necessary. This is-certaihlv sev- 
. ..eral years m the future. Therefore , ^early trunked syst-eml cari 
.^be. expected to -operate i<i a mobile only mode in? till ij! 

. I'>ter-system i ncomDatibi li tv There are a number of trunked 
^ u^fJrfo^onf-^; no^-being p;^bposed. It can be. expected "Kit 
• vendor Vs system will not be compatible with 

- . .another vendor's system. As a result, vehicTe to vehicle com- 
. • - patibility between different systems i^ not ike lysSch com! 
.. ^ munrcations will . require point-^to point, lin^ between tS^Ivs^^^ 

lo^rlquirel ^^stem to operate in a conventionaT m^^^ ; 

f^°'"„J^%?-'*o\e>"'nmary of trunked system considerations both DositivP 
and negative, ^Tt can be -seen that these systems caa, "n fa?t Sa^isfJ 
tJfJ^n^IS "ee^s they are^arefully configSJed ?S meet 

Ucld ^BSl\hTJ\'^<:'!;'pS%'''^"" 1^^'"^"^^^ technological ^ri-sk to be ^ 
J!^ ;,«^k?i -J-^ has, been true of every advance in communication sys-' 
im^e^pELt nn^-'^^^ s^me ways t>^e risk; associated with trunked system ■ 

VHF SiSrb^JS to liSr^nr?^''-'^?" ^^'^ already/taken in moving from the 
w^^ n.ign Dand to UHF, or in implementing computer-aided disoatch sv<:- 

?oo?s data networks, or.othe? soph'istlcaJed techSologica? • 

l?a]?'inJ^-? iS aPP"''.s that system costs may be somewhat great^. at 

Dosli^ e an] ?i%o ??rnL'^^-? S^'"'!?^^^^ enhanced capab^•^ities 

S^^.^e - 4^^° ^^-^ possib-il.ity of the eventual consolidation of num- 

f^^ L^JSic'"?^^'^^^"'' """"^^ consoHdated, flexible, mutually sSppor?- " 
ing^_systems, long term costs may eventually -be less. ' 

Trunked System Applications " - V 

The heterogenous nature of t^eir pilblic service- activities is character 
istic of. most communities. .Highway maintenance can be a ?uJction of • 
hJso?tf "'"^^■"^ services can be provi Jed Jy^ri^atV 
hospitals, individual intrepreneurs, or community government- fire ser- 
vices can .be provided by voWnteer groups or local governments. 

This mix of services and pbliti-cal responsibilities is due to the var-^ 
Ind nation's communities' • ' 

cMnJn^>'^^] ^° large numbers Of frequencies ' 

in -support of specific functional requirements. - eHucncies 

,-!I'!npI?i:5l^^v^^5- may-offer significant improvement' 

in spectrum jrti li.,2atio-nV in addition to increased 5perat1onai flexibil- 



ity . * 'One*^cao concei ve of ^an„ entrepreneur" or- .governmerital agency prd- 
..viding'a single cetitralized trunked sys te,m. whi ch serves several agenc'ies .'.^ 

of more than only one political entity as customers, {or ^in trunking . 

terminol.ogy, groups). Shoul dUr unked repe-arter -'or s^imulcas.t systems- be-;. 
*^come practical ,* one also' clbncen've of a^'si gni f i cant i mpr ovement i n ; . 

spec t-rtyn /utilization combi n\ng**such resource d^mand^- throughout a ; 

geographical region of independent communities. Ana ly si s of tfrie' mini - * . 
'.mum .num-bersf of units- anct'/or ^igVh^e's rveeded to be combined to justif-y ; 
•the capital oVtlay required for trtinked systems would have to be con- 

ducted * Such a stusdy, of coursed w\uld;incl ude -considera ti ons of equip- • 

meht cost eqi^i pmerv^t -avai 1 abi.l i ty., terra ih, •geography and pol.i tical. 

•relationships, i n^'ddi ti onr' to the*, primary cons ideratibn^ of functional v. 
■ neea.S;^, , ■ ■ " ' 

-If such a co.ncept we're to . be puxjsued, i t seems reasonable to bel ieve 
-thait' the manageria^T^ planning probl enas atten^Fesn-t thereon would . ; 

be- as- great if^nbt greater than the technological problems -that must be 
over-come-: - Res ea rc h -hai ^4 n aix:.a ted' 'that: the tecMbl ogy for a trunked sys- 
. tem is procee'diTig^. apace. . Thje^^^^ and coopera;tion , 

necessary to develop and S:pr6y-ide i^pp<)^ nof suclT a sys tem throughout 
compl ex' pol i ti cal and : biireaucrat-ic-r^di visi ons .woul<i . pose ja; procedura\^. . ^ 
challenge of si gni f ica/it dimens^iGlis .=> ..-V ^ . . 

The large numbers of 'mobil erand portabl^- unit's presently- i-nvolyed. in th.e. : 

■law enforcement commun.i cation systems of the major .metropol i tan areas 
. m i g h t ^ s e em - 1 p make- 1 h em .;Vi k e T yea ad^ d a t e s for 1 th e ^ e ^j^'^TS^p 1 e me n t a t i o n-' 
'of trunked s^fStems- The-probl em of obtaiyn-i'ng the economi ^ of scaTeare 

qui ckly so Vved i n vSuch *. systems^- .Howeyer ^ th^ 

sui fabiii'i ty :i s ho*t so yeas i ly: l a i d to, res.t . ; 

Channel loadings on presently used dispatch ch\n^ metro- 
politan areas' are already^so great : that they offer littl e hope for sig- 
nificantly increased operational efficiency through; trunking- of one . 
agency's system. (New .. York Ci ty Pol i ce -Departmen tj s channel loading 
standard is 150 mobile units per di spa tch channel ; Chi cago * s is 100 
moiile unrts per di spatch channel". )• Making a channel from Area A avail- 
able,,to units i n. Area B of fers littl e hope for improved communications 
if Area^A" and .Area B channel s. a re both fully loaded practical ly. 100% of 
the time or at 1 east at the same time. . ' 

As theoretical studies" discussed in Chapter^^II s*how^ 1 i ttl e im'pr ovelrient 
can be expected from' a trunked system when al 1 the av.ai 1 abl e_ channel s 
assigned to that system are fully loaded. The opportu nity , presented by 
the trunking concept is thart enough . Channel s can Jje; made avai lable to 
rel ieve ^this dens.e channel 1 oadi ng -by combining channels currently^ 
^assigned to other municipal agencies whose uti 1 i^ati on i s "not as great . . 
Such an approach takes advantage of trunk.i ng 's abi l i ty to "l evel oi)^" . ; 
-the load. ^- , ■ . ■ . . , 

■ . - ^ - - ' ' : ■ r ■ - J, 

Technological, operational and economic con&traihts prevent many- of/ t he- 
major urban areas fr'om moving their publ ic safe'ty communications to the 
900 MHz band in the immediate future. However, the same constraints are 
not affecting, the other el igible users of ttiis band. 

The very population densfty of .these :^urban :ar^ creates the need 

for large publ ic safety requ irements also generates the, g;-eater number 
of non-public safety users of this spectrum . -Iri^ the. absence of block . 
allo-cations to assure the pubi,ic. safety users -the availability, of^chan-^,. 
nels when needed, serious consideration must be gi ven ^to- the . palai^ i^^ 
that -'suf f i ci en t channels wil 1 not b.e.^avai lable^r when ei rcu*msta-nc . 
public safety agencies in the- VajVor meLtropbli t^n Brea,^. t 
SOO'^ MHz .band Should this provfe true ..then the*. s am'e- Ki gh level'.of in-.; 
div^dt^al c^hVnn^el '1^ be 'expected,, with the ^res ul ting lac k of - 
improvement in level " of servi ce , /whether the system is trunked: ;or:x^^^^ 
"ve^tional. .* " " . 



3 , 1 2: 



ERIC 



74 



^ : 3.5: ' ■. SPECTRUM MANAGEMEfiT CeNSIDERATiONS 



3.5..:1^ ^eperal ' - . -v^ .... 

The 'concept of spectrum management used by , those respons i bl e for the . 
management of this valuable resource ydete.ii^mrnes leveV o "spectrum * 
^ efficHincy" that w-f 1^ be attained. A<lva-Jices- i n technology 'notv/fthstand- - 
: 'i^9yfthe:mainaigement/^ will determine the extent to which the 

- ^p.ettrum. will, be a to satisf-y th^ pub:l.ic's -needs , interests^;; 

; conveniefice* or Jiecessity. • > ; . : V ^ 



:*^The ihtroductix^^ No. 1S262- revolutionized the spectrum manage:- 

ment c.oncepts that the Federal Communications. Commission has followed O 
_ for the :pastvf our decades. Recognizirfg some of the inherent inconsis-,^ 
^ tenc i e^s; a nd ■! FCC 

.. launched a new •^';atid\ innovate as^gnrtient of frequencies 

. V ^4^/the 900:^^;m ^'l t .al located .VaO channel's. Wh a nati onwi de bas is 

. ;: .for use by ^cdnveiitiona.! sys<tem>y 200 cHanne :f or . t^runked system's , and 
h;eld 300 ohannels i n reserve! ,Jecttan''3,. 5 . 2 of f hi s Rep 
these- spectrum management -pol.iclres and, their effects upon the law en- 
- : • foVceiiient community. ' - ..^ \ ' ■ " • . * • 

3>5-2 Conv'iantiohal System Spectrum tlanagement ^. . - ' 

'Having, dlspei^SLd wi th the concept of . bl 6ck allocations . the Commission. . 
• -announcedv'in its Second Report and Ordier irj' 'Docket 'No 18262-, that ' 
frequerrcies in. the 900' MHz band wou'l d be assigne/ to *appl i\cants^^n a 
first :come, first se/ved basis and" that each . chamnel would ^b.^ loaded in 
- accordance with Commission standards bas6d' upon numbers o'f mobile units 
per channel. . (For detai led discussion see Chapter I .) .'The Commissi on , 
* in i ts early^^publ i c announcements regarding spectrum management: at 
900* MHz, said that no further use would be made of servi ce-or 'i ented 
coordinating committees and that thair ^ryices would not Be. required 
since the selection of frequencies would be done by ihe ComTnission . : 

^ • '-' 'i ' " ■ '>■'-.'■'■' \ • " ■ 

Full utilization of the 900 MHz spectrum ' s, potenti al i s more demanding 
of careful spectrum management than any other segment available to the 
land mobile community.. Full use of the low noise, sensitive receiver 
front ends tha^t. makes pos^ibl e the needed iaiil*§^e of communication .is . 
dependent upon preservation of a low' noise environment in the vicinity ^ 
of the receiver antenna. This requires t^Piat cjDnsciousr efforts ,b"e made 
to. prevent el ectromagneti c pol 1 ution of potential, antenna locations. . 
Careful selecti on of frequen^Gi es , based upon- in'termodul ation'"calcuTa- - 
tfons , i s necessary at each common instal lation sit^ Adequate con- 
. sideratioh of such: ijnportant engineering needs are n&t likely tx) Tesult 
:^ f rom a. mechani stic/f requencyJ assTgnn>e . ' . ^ 

The CommiS'Sion, the Land Mobile Cotnmuni cati on Council (LMCC), and APCO 
^ •subsequently acted to clarify and i^efine these pol i c1 es and. mak:e-:them 
'mc3hre res pons i.ve. to the spectrum management n'e-eds of: the land 
communications community. As a resijlti the i<>lTimssf on^^^r^^ 
subject of spectrum, management 'at:;^:!^ SuJ^sequent" "clarifica- • 

tions'n/ and,;oth;ffb"prqno,uficVm^ Commission have indicated* " ' 

^ that /tFe Comroissian' fntends to assure that, these^jchannel :assignments • 
^ . wi 1 1 • ie: made an v'a^no basis ." • - - 

In :April / 1 977 tJie Commission" published Do^^^ No. 212'29 S;£ri^i ci ti ng , 



1/ Clarification of New Policies and Practices Governingithe Assighrirent and^ L^^^^ 

'Conventional ^ Systems of CoramuniMtion' at'.9p0^f^^ - //, 
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comments -^ta assi'st it rn arriving .at a spectrum management phi losophy 
that will satisfy the needs of' the land mobile communications commu^nity- 
and at the same time ensure proper protect^ion of the- public ' s vested 
interest in spectruth e-f'ficiency. In' pursui t .^of sol utrons to theserpro- ; 
bl.ems , -the Commissi oh. has shown, a gro.wi ng. sop'histicati^on in its under- 
standing of the complexities of frequency a 1 locations 4n the public 
safety sector. Whi-Te the ultimate resu Vt^ 6t_these del i 
be projected at thi s time every «evi dence i ndi ca tes that the Commission 
:-is leaning toward again rely i ng^^"u pon servi ce-priented frequency coordin- 
ators, to ass.>st in the compl ex: task of rel ating . f requ^^cx^ 

Coitcurreat • with^^^ Commi ssi on.' s^ ;de vel.opment oT^g ro^w awareness of the 
complexities spectrum management,..! n' the f'i el d of public saf-^^ has • - .. 
been- i ts recogni ti on" of a ma jar- i ncrease' in planning s6phisticat>>on 
resulting from the stimulus -provided-'' by I.the ^LEAA.^ 

and 13-A have devel oped p.laTtn^i n^g-:gu i del i ne^2^*^ dey el opment of .1 ong- 

range plans \t hat can resul t i n i ntegrated^ mutual ly suppox^ti ng ,^ compat- . 
ible public safety systems. The :coiT5(plexi ty ^f publ i c safety communi c.a- 
tions'and the rreed f or i ntegra'tetf :>C^^t *and operational coor.dina- 

tion has mandated -a modern , managerTient-oriented. approach, to cpmmuiiica:- • 
tion system, design. ' Sta tes . ar6 riov/ devel oping goal -gri ented statewi de 
plans in- response to these 'gui del ines The^ objecti ve of these fSVa'ns is * 
to stimulate'developmenf of systems that match the growi ng techno 1 ogy 
and management' needs *of&the public saf-ety agencies , at all leve.ls on a . 
statewide basis. These pi ans. are not only intended to . recogni ze the 
partfcuVar needs, of individual communities but also to accommodate the 
mutual suppo/t responsibilities of agenci es thr'oughout "a State, f . 

In addition to' these operational needs for coordination, these plans, 
are^being developed wi th'. the* object i ve of optimizing s pectrum uti 1 rza- , 
tion'. They are further i ntended to i nsu re compatibility of equipment^ 
between related agencies. They have as objecti ves the assurance that 
individual agencies throughout the variouis political jurisdictions will 
(Bvol v^e their systems in a. manner that sa ti sf i es ^the needs of those ^ 
'agencies' and their political jurisdictions in a manner compatible with 
t*e ultimate- evolutionciry *goals ofkhe statewide system . The i ntent 
of these plans is to assist th e i ndT v idua 1 sys terns,, to g row s o as to be 
mutual ly supportive, of t)ther^systems , rather than i'n^ conf 1 i c t wi th them. 

Spectrum efficiency is only one, albeit vital, c^onsideration. in the 
development of .these pi ans-. They are not written by. the FCC, nor are 
they prepared only in^. response to its needs. .They are^prepared by in- 
dividu-als responsi.bl.e to the commun i ty ' s 'taxpayers and responsive .to" 
the needs of these taxpayers Thes^e' pi ans are* by necessi ty of 1 ong- 
term implementation . In addi ti on Jfo' spectn.um management and operation- 
al needs, they also, respond to legal mandates es tabl i shed ty the legis- 
lative leaders -of the individual communities , and other ^statutory^ re- 
quirements often beyond the perogatives of federal agencres or, in. so,me_ 
instances,, even the state government. - . 

It is " important that the Commi ssion * s' 'regulatory detiisiqns and -proce- 
dures take notice:/dft4iese. plans. It is also important that the Com- • 
mission be assured that reasonabl e consideration has. been given. in the 
development of these planned -systems to the needs of spectrum- efficien-. 
cy. By mutual cooperation of the LEAA and . the FGC, step's are. now bei-Jig; 
taken to satisfy these needs. 

The 900 MHz portion- may be the last frontier of the land mobi 1 e c6mmun-r . 
i'ty. There does not appear to be any remaining^ as yet. untapped , por--;^ 
tion 'of the spectrum that has the propaga'ti on character is tics jneeded.to ^ 
accommodate- Land' mobi le comirfuni cati o.n- . needs;;-; It" is vital , .theref ore., ; 
that the spectrum management./CphceptS' employed: po 

accommodate ^6th;pres;enV^^^ of the puN^lic safety, 
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users Within this porti on -of the spectrum. 

A ma jor 'objecti ve ,of .the public safety community , p^Lrticularly at 
900 MHz, is formal recognition by the Commission that arbitrary, mechan- 
istic approaches to spectrum management cannot satisfy the complex and 
highly yntegra ted requi rements for long-range planning. and modern oper-. 

• ations iti publ i g . s>4^ty . communi ca 1 1 ons . Once this is recognized , then . 
^the next step is to ^4Ve>op those new mechanisms and resources' n^eeded to 

assure orderly implementation of. future- planned systems. ... ^ 

^ Trun:k6d-,Sys tern ;$ pec .t rum Management 

;fhe current* -regulatory enyi ron/nent bf truhked systems'^an* the land mobile 
radio service IS sparse, since hardware, i s npt a va i 1 able-and experi eiice 
. . is ^ therefore , ni 1 - - ; - ' , - . ^ 

• ■ . ■ • ' " . ■ h ■ ' ' ■ 
Regardless., two policies di rectly affect trunked systems in -the Commis- 
sion:' s present '900 MHz rules- The :fi rs t reserves 200 of the 300 'chan- 
nels presently a vai^abl e 'for as.si gnment to <ruhked sys tems . iHe second 

:requires that. any' 900 MHz system re'qui.ri n'g assignment of more than five 
channels :be trunked . - 

The first of these, pol ici es h^s :J Ittl e- immedi ate impact in view of -the • 
lOO.'ctianheJ s a'va i 1 able .'for assi gnment, to conventi onal systems. It does 
give notice, howev^er, of the Commission ' s determi na ti on to promote the 
rtrunked Systems concept. ' This posers a problem- to the development of 
- long-range plans by la^rge' muni ci pal i tfes . ' I n the m'aj or population cen- 
j ters there is concern by 1 aw enforcement agencies that. the few (100) 
canventional channeir^Drovided wil-T be. quickly occupied by the more fis- 
calTy f 1 exible," profit-oriented elements of the land mobile communica- 
tion community before the" fHiture publ i c safety communi cation needs for . 
cpnventional channel s can be planned and implemented. - > - . :. 

This problem is. particularly troubl esome. i n light of the possibly. * 
questionable appl icabi 1 i ty of trunJced system technology to. many public, 
safety comnHinrca ti on requirements. In view of. the present status of 
•trunked system development, and .in view of the cost benefit considera- 
tions d i scussed in* Sectibn'»3 .4 , * cuVrent _ 1 ong-range ^planning must rely 
on the assumption that" c'onVenti onal chan^ be^/avai 1 abl e in 'suf- . 

ficient numbers to satisfy the commuriities, '\need5 until such time in the^ 
future as cost effective trunked systems ^redevel oped. Since- 100 con- 
ventional channels seem unlikely to be sufficient , for the needs . of;- the r 
other land mobi 1 e us ers . i n irjahy densely popul a ted locati ons during the 
next .decade^. pub^l ic .safety u*sers must rely upon even ttial access to con- 
ventional channels in the reserve pool at. such time as their needs are' 
adequately demonstrated.;,/ . . ■ - . - . 



The . ma nd a to ryt requj rement' f or £rahk^ng of those' systems ^needfiig more V 
".than five channel s^-* has a present Schilling, effects ThbiSe agehci^s-,; 
l.ong- strapped for' pjece^sary , communi cat ion support , 'now f>^ themse.Tves 
ijn a "Cdtch-22'* s-r^uation. Pressvng' needs spring from jroWing popul a- • 
. ,t ions; demand in g larger and more" effect i ve - cpmmxtni cati on "systems . . Lack 
of adequate spectrum in the lower bands has/prevented^ tiie heeded 'expan- .% 
sion., of exiVt-i ng^' systems . ; Now. that «added- spectrum has rbee.n tnade ayail^. . 
able at 9<)0 WHz, ..for multichannel , hi gh perwrmance syst^is, the Comiiiis-... 
sion has neverthel ess. mandatgd-use of t ru,n ked - techn i cues ^i n^'ihose sys- ■ 
tems. that require capabilities for such • performance (m^re ^hia^^ 5. cha n-. , 
nel s ^ But tVuhked- tech^ not ayai^lable today , and the expected ' 

•costs', .possf-ble opera tio^nalcomplexi ty," and tech-nol ogi cal risks 'm>ke ft^ 
\appea^T: to be an unattractive solution, unti 1 an operational system has.. • 
;be;ien successfully demonstrated. ' ^' . -.^ . .^ . * 

A further probl em. a-§soc-i^'ted -wj th ifhe mandatory , requi remenft for trunking 
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of. more than five channels is .the inhibition, it p.laces on the .rational 
grQwth of systems. ' A S^channel system has a practical limi t /on expan- 
sion, ^or if it should hfve to grow^ to ;nare^ th.an f i ve channels, existing 

.equipment might have to be repl aced wi th trunked equi pment . Such. a / 
policy, if stringently enforced , would make the 9Q0 J^Hz "spec trum of ' 

.little use to medium-sized law enforceme^nt agencies (300. *or so vehicT.es) > 
in the. sol u-tion of thei r present day jsroblenis.. ' - . " \^ .* / - 



■ SPECIA-LIZED MANAGEMENT. APPROACHES 



3 .6.1 " Management - of Convent.i onat Systems^ . '^ " ■ . ' - ' " • ' 

■ / Technical consi' dera ti o ns associated ..wi-th itnpVeiiieji-tat'iDn of .convent'iifcn 
type 900 MHz public safety system-s present no* management problems '^Jg- 

> -nificantly different from those presented by lower frequency 'systems . • 

.- / • , The addi tron^f sti 1 1 . one more'band using equipment that cannot^cov^r 
• Tower band frequencies further cojnpl^Cate's the- exi sti ng i nteragency- • 

V coordi nation probleTTi. This i s a "si-tuati on 1 ong experi enced. a t lowef 

, . frequencies. The probljem is not different; only its scaled has changed. 

' The frequency assi gnm.ent pol l ci.esj- how bei-ng f 6.1 1 owed biy'^ th^ RS^ may re- 
quire the development af new' maoagement relationships among chann^l-"^ ! 
, sharing agenci es . Under present pol i cy , agencies having fewer t^^han "the 
.: . number of mobile units necessary to ful ly/ load a channel may be required 

to shar6 that channel with, other agencie^s. . Such siiaring can pres'eht 
special management probTems^that must be sol ved , to -assure compatible 
^operation on. "a non-i nterf ern ng basis . Some agencies are now usrng th^se 
techniques on the VHF and UHF panels §s tools to i mprov.e coordina t i on and 
' to reduce costs. Cons ol i dated" and cooperative^ dispatch centers are. be- 

coming more prevalentv .-'^ • } ^ 

^ ^ For. many valid reas^fns there' Jias been little use by public safety agen- 
/ ' cies of "community repeater" . tj^pe service provi ded by vendors or entre- ^ 
preneiir^. Wh.iTe^mahy of the consol i da ted ?ind/or cooperastive dispatch - 
organfi zaf i onjs have/ features sinL^lar' to the community repeater type bf^ 
- " ' .opera ti ofh, management and contrbl.is vested i n tax-supported' agenci e^ 

The r'easons for 'this .1 ncl ude : responsibil ity to el ected^ of f i ci al s ; • . 
compl i ance.;wi.th legal req.ui remeats; . rel i abi Ti ty of service; and stand^ 
ardizati afl<-^'T--p4J0G to name a few. v. _ 




/ ^^.6.2^. Mandgement- of Trunked- Systems 

: The. nature of trunked systems is such to require l-^^ge,. capital invest- 
•■ mentv The hoped-for. spectrum ^effajnenci es can only- be "obtained by sys- 
tems ' empl oy i ng many hundreds of mobTvle-and portable ojhi ts Tfrere is 
anly a rel ati vel^ smal 1 number of^^g^u bl i c safety age nci es of such .1 argQ 
dimensions." ""^ ^ ' ' ' ^" - -y^ . 

. ■ . ■ ■ \ •• " -rr .- ■• , ■ . ■ .■ ■ " ^ 

: / . The ^CC recojgnized this relationshig between /sp&ctrum ef f i ci ency .and 
; ' i)ie^ Vi z.e bf r a t^^^ in i-ts Docket No. ^18262 proceedi ngs and 

> "Clil^- ■ Vstalil ished the'^Special Mobile Radio Sys tem ( SNRS> concept descri be<l^ i n 
^ • ' ""'OhBpters.'l .and II. Such a concept could .ma ke' possi bl e. the im.pn emenfta - . 
tion of single, 1 arg.e , trunked * sys tems that, provide base statioti facil- 
'J' i ties, fc^ groups of 1 i censabl e ag€|^ies*. By serving >the needs of many 

* • ■"•V.Jsihg agencies through a , single base station sys-tem, the needed, econ- 
Jv-- omtes of scale may be attainable. Through such *i ntegra, tion of users the 

pc^s-si bil i ti es -Of increased spec trum efficiency are enhanced. However , . 
■ ; the immediate appVicati on may be limited by the necessi ty of single 

> ^ ;ti^3nsmitter sites. { See Secti on .3 .4 . 3 . 1 , Page 3 . 115 . ) 

The natHLCje of a- ^trunked ' sys tfem , with' i ts conti nuoiS^sly opera ti ng^ontrol 
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.. channel .and associated group addressing, pe.rmits-a- number of opeVational 
possibilities heretofore not possible- Such sys terns ■would possess the 
abi lity to configure the network to' meet varying needs of the, user-s on . 
a moment s notice. This' can be done simply by adjus.ti-ng the priority 
of certain groups of users at .the system control point. All" of these 
features allow the possibi 1 i ty .of centralized management, responsive to 
.th« policies and di recti on of that .1 evel of government having overall' 
responsibility for and authority oy er a 11 us ers of the "sys tem •^■ 

A s'pecial feature of the trunked -system -concept is the i^di vi duil sys-' 
tern integrity and rprivacy possibU, despite the common use of .RF chari- 
ne IS.. Si nee systeK users only receive those tra nsmi ss.i ons addresse.d to • 
units with authorized addresses.,, group privacy i s-'%s.su red by restrict- 
in:g_addre^ assignments so that crther users, of the same channels are ex- 
ciuaed. Thus, each user .group has access -to- the-, sys tern' aL i f it were 
completely private a-nd dedicated only to h i s. o^rgan i za ti on^ ' " .;• . 

The^FCC authorrlzed prof i-t-maki ng' entrepreneurs to provide theseSMRS ' • 
■ services but does not 'J.irait their l icensing tb only prof i t-maki ng: enti - 
■ties- Jt is rea'sohable that a unit of government could estabj.ishr.a tax.- 
suppo^ted agency to provide ..SMRS ..services T imi ted to thos-e- activities ■ 
under -Its direct jurisdiction.. No-SMRS has been' 1 i cens ed to provide- ' ' 
such ser'vices to date. • • ' . ■ 

Unt'i 1 , trunked system hardware has been made avai 1 abJ e and. trunked sys- . 
tems implementation., begun, there s eems 1 i ttle motj_vajf ion to* 'initiate 
such management approaches. Should us.e of trunked techniques become ' 
_Widespread, the SMRS appears to be a viable vehicle by which their capi- 
tal costs could be shared by an appropriate number of using agencies. 

NEEDED EQUIPMENT CAPAB I L IT^I ES " ' o ' ' . . . 

- General" \ ^ " 

Jhe opening of the. 900 MHz spectrum to the land* mobile community pre- 
sients an opportunity for the^ int.roduction'<of significant functional \ 
innovations in publ i c safety commu ni ca ti oii^ equi Rmen t . The step function 
advance in technology initiated by thevopening o^f this' new portion of 
the spectrum and the. innovati ve spectrum utilization concepts implemen 
ted simultaneously, provide a special ^opportunit^td incorporate a num 
ber of. additional . fe^atures/ long, sought'.by the puM^ic safety community 
in forthcoming equipment. • ■ ^ ve ■ 

. * . - - .. , ■ ■ . ' ■ ■ ^ 

The foMow-ing discussion of 'desired capabilities is the- result of in- 
nn?n^ ^"^^-^^^^ neetis deve^loped by the^ professional membership of 
APCO. V .Jhese .expressed\ne6ds are a. di^tillati oh of the comments /sugges-- 
tions ,an.d^resen;tations provided, by represe^tati ves of the APCQ member- 
shijar-at seminars^ held.a/ound the countryv , 

: . ■ . . ■ ; .p.-' . . ' ' ' 

Needed Technologies ' ^ _ v ' : • " " v • " ■ ''^^ , " . 

Trunked^ystems Signaltijig S^tandards ' ^ 

As described in Section 2 of thi s Chapter , there .are several currently - 
envi si-oned approaches* to the devel opmervl: ^of ^;t«f un'ked "tedhnot pgi es . As 
of-the time of wrj ti ng ,^ at least "two major manufactu rers "^now propose- 
trunked systems equipment. It is Certainly foreseeable that,, in r^V 
sp.onse to, the stimulus of the-^FeC , niany manof a^ t^ers wi Vl- ev^tual To^ • 
participate in the development of -trunked systerTi^ the land* mobi 1 e^. 




'■ ' • '■' ^ \ ' ' V ■ - -■■ • -'^ ■ ■ ; ■ 

^'radio community. Even though/thi s 'equi pment may not be' aVailabl e in the 
immediate future for appl i cat i on to publiCx safety commun.icati on neieds> 
/ ' : . - '^its' ul timate wide-spread- use' fs i nevi tab! e,: barri ng major changes In FCC 

policy. "... • . ' 

Least cost • procurement, is an inherent requirement of ^ and a continuing 
\: >• . , prjD^blem to tax-S'upported. ageticies in the publ ic 'safety ;communicatio.n 
; . ^ field. This resul.ts in a national ^pol i.cy;^to stimulate maximum vendor 
campetition in tax-supported procurement's^ ■ ■ ■ ' '"' -^ ,\ 

* • Competitive ef feints of -;the- several •\vend,orfr: now devel oping/tru-nked sys- 
W -^^^ tems-.-ar^ both tec^oV$gi cal ly' and econoro^^ -It isv to be . 

' ^oped that competi tion can con-tinue to expand in" the .ye;ars to come. t . 

^' ' Howeveri tVs techiioTogical compett^tTon should .n^ permitted to- de-"- 

^. ve:lop;"to '^he poinit that it becomes seTf-def eating Under^ present condi- 
^. . . * tiohs J ari^^g.^ncy that 'procures a trunked system from a vendor is for- 
. * ever after locked into a sole source procurement position with that ven- 

dor i.n^ the event of need to expand or improve its ba^i £ system. Once'' an 
^. . .agency .has procured a 'system from one vendor, that ven-dor would be the. 

/ ■/ " only commercial entity dn a position ^to provide additional equipment 
' ..A;, r : . - compatf bl e wi th its basic syste/n. \ 

./ • . ' Th.vs problem, can be all^eviated i-n the same manner the 'Commiss>6n. tias 
• ' used to stimulate, compietition .in- other services; through, the proinul- . 
V ■ gation of -technological ..'system standards . Justvas the Commission Has 
■ established teleyisipn- broadcasting syst that all manu-. 

facturers' equipments _ are -capabl e of cperating' wri th^ ba.sic system, 

..f^ so shb'uTd. the Commission ^'establ ish system techno^ ;for 

trunked syst^ms:^^.- ' . ^ , - *v; V - . 

Thes(| standards devel oped a/.ter ex^te testing, analysis and con- 

/ sultation, shoul d de-^ine the software* 1 anguage and system opeVational 
philosophies to, assure, that all vendors' equi pments couTd Jbe^^^ompeti-' 
tively introduced into existing systems. ' v-* - 

.■ ■ ' • - ■ • "■ ■ . . ■ • ■■ 

" An ancillary but no less important need for ^hi^ standardization* is^^to;; 

permi t compa ti bi'l i ty betwe.en ad jacent sys t^ems . ^ k , 

Ui thin the public safety field there is* an operational requirement for. 
;^ "immediate and intimate coordinatioa among manyr/rela«t-ed services and 
' . agencies. Siiould a. babel-ii.lee plethora, of technologies be pfermitted to. 
be :.x.andomly impT^einen ted, J:hen the ultimate result^ of the j ntro.duc^ i-on . of 
truriked .technology.! nto^^^^^ publ ic safety field c-o^u-ld be the -erection of 
^. ^ ' . "'f uns'ca.-l aol e technological barri^ers :be.tween co^ 

3:7-2. 2 Rorxafale Radios for Trunked Systems : 





I f'V the trunked system .concepts are to.be fully useful to the public ^ * 
safety community, porta-bl e" radi os meeting- current, physi cal and ' o.pera- 
tional criteri.a must be -avat^iTable for ys-e "^.ri such systems . The' tech-^ : - 
nology needed to provide 'trupked./c:apabil itie^ in mobi l e" systems is . . 
either at hand or under development (see Chapter. I.I /However, -the^'*^ 
incorpora-.tion 'or this technology in the smal l-phy$ical"\,s.i ze and w 
lowc^pow^r con.sumptiern. requi Ved/f or, p6-rt"ab1e • equiphien ha.s jpt yet beer^ 
demons tratedV ^ ,^ : - " - ; \ ■ ^ • ' 



Tjie complexity of thd techni cal ^robl ems to be sol ved* wi 1 1 be" si gni f i - 
cantly. affected by the conf i.guration of the system in which/the portable 
units must operate. The number of channels^ on whi ch * the pprtabl e.inust 
operate, the compf exi ty of /its "1 ogi c , the ba-ttery 1 i fe expected, -and 
other circuit requ irements wi 11 be greatly 'determiTti^ by the pdr;gan'iza- - 
tioh of the entire -trunked system. ; ' . : ' ; 



> 



f 




It is necessary, theref o>e , ^ that together wi'th biisic tru'nk'ed s/stems. k 
development, parallel programs 'be. ins ti tuted. to assure th.'e eventual * 
availability of portable units capable of operating wi th. these systems • 

•4 ■ ■ ■, • ' " ' • . • • ■ -> ' 

3,7 ,2:3 Single Po^'^nt Test Capabi 1 i ti es' ^ - . ^ /. ,' 

The development of standardfzed , single pojLnt test^» phi losophi es will be 
f especi-ally coiupati bl e -wi^^ ^the 900 MHz technology/- The prbmuTgati on of . 

a-standard Iplug design and pin configuration would perm.1t the develop- 
ment of uni versa! . test sets, compatible wi.th equipment provided by any 
, Ye/idori-. Such a single point test philosophy would result in significant 

reduction of ma 1 ntetiance cos ts and ecjui pment-down times b>r mafe^ing pos- 
sible the rapi'd>^cIentificatrion of def ecti Ve sub-assembi 1 es ..5^, T^^ re- ; 
placement of d^fecTtive sub-assemblies, with their eventual repair by -. * 
skilled technicia>is with spec 1 al ized f aci 1 1 ti es . wo'uT d .greatly simplify.' 
r the. routine maintenance problems associated v^ith modern , sophi sttc^ted 

equipment . - ■ 

->:■ ■■; . • ■ , 

.3-8 v TECHNICAL Cj^NSIDERATIOfiS ^FOR DATA SYSTEMS . ' i ■ 

There is nothing inherent within the 900 MHz spectrum tha t \precl udes "tts ' 
. ^ use for data transmission:*. A 900 f^z mobile data 'system ha/s been ia 

operation ( Chi cago Pol ice Department) for some time. The pr.evious d-is- 
— cussions regarding propagation and technology for voicie systems app^y 

eqiially to data trans/er systems . Howeve/, data systems ape more strin^.: 
• 5ent-regarding continuity of coverage. A d.ata^ system lac^ks the ability 

to integrate intelligence alid extrapol ate between "^known factors possess-^ 
' ed by a; voice communications network. When the data system signal drops' 
- out the inform^tion^^^is Id^t, and either an ' incomplete transmission re- 
' «sults or the transmission must be repeated Therefor e , the coverage' 
phenomena described previously a*s "picket fencing** must" be res'olved if 
a data system is to provide the degree of rel iabl'^, servi ce needed . A ' 
reliable, high speed data systam demands degree of rel i abl e ^coverage 
for which the sySt-em. must be designed.. . . v - * \ /" - 

3-:9 - r. ^RELIABILITY AND MAINTAINARILITY CONSIDERATIONS . " ' . ^ 




^Therfe isVno i riherent.rea^on why 900 MH^ -^qui pmei^t:' should be less reli- ' 
abl e than equi pment on th-e 1 ower ba/idsl. Given ii Vea^soriabl e 1 evel. .of. ' 
experience and system "ringing out" , it can be expected that 900 MHz 
systems will prove to/be hi.gh»ly 'Te-l iabl e in^^^the putTic ^safety environ- ^ 
' ment. As' a .ma tter ;of fact , si nee they represent a/ Ji^w genera ti oji of 
..techru)! ogy-, many^innova*ti ve compofjent^ features are how *'b-eYng. injcojrpdr- - 
. £hted .in suc.h systems.* A continuing 1 ncrea'se- 1 n use t)f microeT^ttrpnocs 
jandi- chip. technologjr 1 s i^mprovi ng^. th^reliabi M ty of all moderrt communi -/ 
cations equipment . Therefore^' it" can be expected, that 900 MHz eqti^ pnient 
wi 1 1 . be as, ;rel iable if „no*t more reliable than present day'^'.equi.^ment , not 
because it is-S&O MHz but rather because i t ww^lT' empl<)y th,e ;late5t tech- 
niquejs. of ever-imprcving technology^. : . V • . 

Much of the ' 900 MHz /technoTpgy : i s the same' as i a Idwer bands . ' WbdiiTa- 
ffon, IF,' RF:, audio, circui ts , power and contro\Ij cabling, are. generally . . 
tjt)e/same as used at. 1 ow€^- bands . However y the. f i nal transjni tter • RF^ am-. 

>p'l*ifier, the recei ver' fr^nt* end 'ci rcu it ry ,^^and 'the^ant«nn;iJcoaxXal.: r'v 
cable concepts may .involye changes. The technllques^ are si mi.Tar 'tcf- > ^> 
those used at 450 MHz , i f , pefhapsy $omewha t. moris demanding." ParticuVar 
a4>tenti,6n wilj be ^required to RF'feb^jcial. cabi^ connector cable install-;, 
attjons. TDefects- that w<jiil d ha ve^Wnbr ef f ectS/ at.- VHF and be merely .a i, 

'sdu.rce -of reduc-ed perf drmance .at t^HP-; can^make 2l sySt^m c'ompl etely in- T 
operative af .900-fWZ'.- .^^^ V ' • ' * • ^■ 
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Most present test equipment designed for VHF will either work at these 
frequencies or can be adapted. Technicians f ami liar -with UHf should 
have .little difficulty learning 90Q MHz systems.- 





CHAPTER IV 

, * CONCLUSIONS AND .RECOMMENDATIONS V: • ' • 

' INTRODUCTION ^ { 

• •_ — — ^ y^-- ^ • _ ' ■ •■■ ■ 

The preceding -Chapters.; 

background of t,he opelxtng of the 900 MHz spec trum for use by the land 
mobile communi^ty. They*^ have /presented , the technological, economic, and 
management factprs that affect the ipplicatiorv of these frequencies -to . 
the communication^needs of the public safety .community , arid they have - 
described what these needs^are and bow such . factors can be applied to 
these needs/ . : ^ " ^ 

■ ■ ■ ^ \ 'J ■ . ■ ' ' : ' ■' ■ " ' ' ■ 

This Chapter presents the conclusions and recommendations tha^t ^resul t ■ 
' fropi analysis, of the cons^iderations presented in the prece^i ng: Chapters 
^ by the APCO membership as represented by thei r .pro ject parti ci parity and - 
elected officers. They relat? the application of the.900 MHz spec- 
trum to law enforcement communications pirobl ems , under the. conditions 
defined by t^e FCC in its Docket .No. .18262 proceedings. SinceMaw^ en- 
forcement communica-tidns . are an inherent part of the tptal public safety 
- communications' environment, some concl usf on^. pres.ented w<j 1 1 be- expressed 
v4 ■^^^'^^ public safety communications needs. This' does not imply 

that such concl usio7is, m1g^ht have ^li^Ti.i ted appl icat ions to 1 aw enforcement 
systems,, but rather , that . they app1y^,to the total publ i p safety communi- 
^ ^cations^problem, including law enforcement heeds^ ' " 

1 There are four broad .areas under which conclusions are . presented . These 
.are the technological sui-tai)il i ty of 900 MHz to the land mobile problenl, 
th'e role of trunked systems iii, improving spectrum availability, the role 
of trunked systems in enhancing operational capabi 1 i ti es, and the effect 
if the present;.regulatory.,envi ronment on *900 MHz system implementation, 
ach of these, areas has its, own set of ^conclusions that pertai-n to 
specific cons.tderatlons • ^ ' ^ _ > * . 

Clear , absol ute ;^'boundaries " between the . four, fundamental sectiotis. are riot 
always possible.^ There are numerous interrelationships ;be1:ween the \v . 
-conclusions reached^ under eaxh^of,the four major heading's, SUch reTa-' ' 
• tions.hips s^erv'e weTl to ■ demons trate how complex are the elements of this 
subject. . Reg^ulatory .pbl icies regarding frequency eoardfnation may be 
signlficahtly. dependent/upon technological considerations . affecting / - 
equi pment performance . Spectrum conservati on considerations resu J ti ng . 
from the introduction of trunked concepts may be, closely . reTa ted to the 
degree^pf improved operational xapabi 1 i ty t)iey provide .^nd^that there-- 
fore justifies" 'thefr cost to the taxpayer. :» 

In. the interest of brevity, each 'c'onclusion is supported by a summary*../ 
statement of the. ra'tionale "leading to its development. . For complete . - 
justification, the readerMs referred to the "preced? ng: Chapters . The 
recomihendatipns that spri ng .1 ogical ly from these conclusions are pre- 
sented fol 1 owing^ the associated conclusions. For ;the convenience of the 
readen, th^^ecommendations are summarized afth.e end/of the 'Chapter.''/^-^ 



• , . CONCLUSION:^ 

4.2 " TECHNOLOGICAL .'SUITABILITY Of 900: MHz 



^.2.1 The'/'techni caT; characteris^i cs the* 900 MH*2_ spectrum are/^ u . s s for . 
"V" use""l>y'"p safety' CO mWriicVti^^^^ propag'aticuv pne'nom'-""" 

ena associated wfth this portion of the spectrum, coupled with current 
dfevel opments , of equipment sii.i tabl e ' f or these frequencies, provide a 
• significant contribution to spectrum availability for public safety 
communipations' network's . Coverage achievable closely parallels that 
attained in t)re lower portion of the UHF spectrum. (See Section 4,2.3.) 

■■\" • •:, ■ 'v , /"^ ' ■ 

Recommendation : Public safety communicati ofTS system designers consider. 
. use of >the 900. MHz spectrum-.i n developing new systems; making addi'^tions . 
to present systems^ and the devel opment of f utu re , pi ans ' • ; 



4.2,2, The somev^hat .shorter range of propagattton^ to be expected using the 

" ,.9,0Q Myz spectrum, compared to the lower frequenci es ,^ together with/the 
■ ♦ • •'impraved building penetration and sha-dow filO-in coverage attainable, . ' ' : 

incJicates that these frequencies are particularly .attract! ve in urban 
. ' areas. They m'ight also bd suitable for suburban . and rural areas due to 

"*the lack, of availability of lower frequencies, or other system^rel ated ' 
tohsi.xlerations . . , . " • 

" . . RecQTTimendatf on : Those^^^tfr^an . areas confronted with building penetration- 
■ or Shadow -effect problems consi der\ pi anni ng to implement 900 MHz sys-. 
-terns at such *time as replacement or existi ng. systems becomes ^e'a^ible-. 
/. S^uch plans should- be fi 1 ed with the FCC at the earl iest.lip'propriate . mora- ^ ^ 

A- ' ent . . . \ ' -'-^ ' • ' 

/ . . _ ■ ■ , . ^ ; ■'^■■■^r , .... " 

4.2.3 The operatibna.1 impact of the -propagati on charatteri.st^^ of th§ 900 'MH^z 
spec-trum are not precisely known at t^iis time. The' ef f e'c-*^ ^/tha't "i)icket 
: fencing;' and deep "holes" might have on q^jMtion^'l^j^roredu res ;;and the ' \. ^ 
specii^ic engi neeri ng cri teri a that ^nay bi^^H^J^^'^^P .Oif ercome Sth^se' 
'problems have vnot yet-been documente^VJlJ enforcement commu'ni- 

i . cations systems usi ng thes^ ^f requenirrsT^fi^*^ imple-;* ., 

, mented... The experience gainjed" wi tfc t Me se^^5 terns 11 be of great •* * /* 
* : assistance' to other network des 1 gneK^L/i " tl^fu'ture. . ;: ' 

Rjecomm^ndati on : . A study be^condu^cied to as"sei^le the krtowl^^ ' 
from experience with these nTewly 'impt^mented systems to mffxe thi s^ knowlf- ^ • 
/ ^ , edg'e available to all publ i c s^af ety .ac|enc"i.es , '^V ^v -. ^ 

^4,2. 4» ^ The-properf-performarice-.Qpf a 900 J||f)i2^ system-M s. depende^^^ prevention 

" - of nofse (iollutioj:! of the envi^OJ^^pe/it . If IM products and . other noi se-v ' 
-\ v sou rc-es are permi tted t^vP^^o^ 'f'^^^ra^e th6^^u^.^^ 

, significantly reduced « 3 ^'^^^."^ ./ . :4to. ■ • ' ' : - / ' ,./ • 

' ^ " , '■.-^''r.. \ '\: 

Reton^n^endatfbn : *S:i te fma'nagement V**<3^9raml b« ^'^ 

jfollution that "might * affect use*of 900 MHz^ systems :i^n' the*future.;-./ ^ ^ 

-^-^ ' ^ ' \ ' • ^i 1.' ' . ' >. ',\ •■ 

4.2.5 . Tectino-logy is now ava^ilable for conveqtionaT 900 MHz 1 aw , enf orcemetit*- v 

communications" sys tems -C '^^JQ^ Vendors ' catalogs riow. .l ist 90ff MHz ba%e ; 
- . station' arid 'mobile equipme-nt sfm.Ma.r to that ai^ai.labTe on lower, bands. \ 

•> . • • ;M.^fTUfacturing ;costs are quoted aS being approxi4nately TdX "to^20& higher ^ . . • 
> •^■l^tiari- tower -band equipment. No portable* ujifts are presently Tinted as- " 
available- ;^Those agenci^es^cons>deri-ng 900 MHz .earl-y' implementation, must " ; • 
•therefore eiiclufle the portabieVoncept until portable units; become ^ . - \\ 

. ■ .v'--' -'- : ' ' -.^'-^ ■ . ' ■ . ':T ' . ' ■ ■''x^^'^- .: 




.available some time in the future or resort td crossband operation. 

Recommendation : The vendor commum' ty proceed with the - early development 
of 900 HH2 portable :equ.ipment. 

...The availability of /optimum 900 MHz sites majT be imi ted in a given com- 

--"-••muni-ty --H^'gh antenna-t^ocati on^ -are— necessary -to "proyrde^^ 

aae. while long* transmission^ ines between tr^ansmitters or receivers and 
their associated antennae, degrade system perf orm'a^fice., Therefore, prac- 
tical considerations suggest- increased emphasis, upon the use of tall 
buildings and mountain.top sites for transmrtier/receiyer locations. '/\ ^ 

Hg^mmenda.tion : ,Tho5,e. agencles. f pre-seeing the possi bl e" use 6f .900^MH-Zc 

• 'shou-ld plaf^ early to reserve .necessary f aci 1 i ties a^op e/is ti ng or 

■ planned sites-.and to imj>l ement appropriate si'te management ^measures. 
:(See Section 4.^,41) • ; V . - . ^ 

Conventional 90*0 MHz equipment will not present maintenance require-, 
ments significantly different from those posed by UHF systems . 900 MHz 
systems use tecKnol og^es similar, to present UH-P techhorogy,. requiring . 
somewhat more car-e in thei r appl i cati on . . Those agenci es fajni l i ar wi th 
. UHF systems maintenaince and operation. ^o-uld experience 1 i^t tl e diffi- 
culty in the transition to 900:*MHz. \ \ . 

Recommendation : Agencies empTpying 900 MHZ: systems utilize personnel 
familiaj with UHF maintenance .'techniques . ^ . < 

• ' . • - , ■ •. ■ - ■ • ' 
- THE ROLE O'F TRI^KED SYSTEMS rr IMPROVED. SPECTRUM UTIIIZATION 

Pjecise nfea/is* of determi n1 ng.- the number o^f frequencies rteeded to provide 
a^ required leyel .of 'service* using trunked technologies h^ not been dem- 
oh^Strated, ' Pres^en-t calcul ati ons are based on tel ephone^ifexperi ence* and. 
do not . necessarily Vef 1 ect the unique, needs of the service requ i red . ; 
by ebmpl ex law enforcement co.mmand/controT communications systecnsV 
Therefore, tlie number of channels Tieeded in a trunke d sys tem cannot be 
predicted' with ^the accuracy necessary for law enfeH^Tnerrt sy stem Vdesign 
until operational .experience has been obtained ,v . -j 

" - ■■ : '■ - " . •■- . . ^ . . ■■ ^ - 

^ ReCommendB't 1 on : Develop a demonstration 1 aw enforcement trunkecl^^system . 
1n which different levels of \system performance that ^ are the re$'ult of 
variations in the'number of trunked ^ channel s a\^n abl e^under various ^ 
operational condi.t.ions can be measured, - " • - 

Und^r appropriate coaditions, trur\ked systems can provide significant ' 
increased capabil ity (see Chapter IIJ. and Section 4,4) . • . Thei r cos ts may 
be .efl^ected "^b; be higher than, conventional . system's this amount depend- 
ing upon design features incorporated/; .While ^the individual mobile 
units may- be more expens i ye v'spme savings can accrue from the reduced i:. 
tiumber of base sta ti on" transmiHer^ and : satel li te receivers that might 
result from the fewer frequencfSs needed. , ' -W^.^. * 

Recommendatjow : ;Impl ement* a_.dfimonstratibn ,prpgsram urtder which actual - 
cost figures can.^be tJeterm'ined. ^Those" cost ejemehts^now associated 
wi th .development; j'isks th'at are incorporated in current trunking systems' 
^efstimates coul d tinen' erliminated . " . ; 

The- amjaunt of "spectrum usage* improvement to be expected from trunked 
-system*- impl.ementati on is a function of the nid^ber of users . of the sys- ■ 



tern. Very, little can 'be ga:ined b;;' truaking sysftems-.^of 30.0 !_/ or fewer 
units.. No'upfer limit on the number* uni ts a' trunked system might 
. accommodate has been demons;tra".te£l ; i . * , 

Recommendation :' , Those. 1 argesj heavi ly 1 oaded metropol i tan systems / 
approach! ng saturatfx)n shoula^ nbt plan trunked* systems" (not corisiderri^ 
. \- . possible^ operational advantages) except when -sufficient .frequencies can 

:t . "':';4De ~i ncorpora "reduce"c"hannel 1 oadi ng^ bel ow "sa1:urar-: — 

ti on 1 evel s . . ' 

' l*' • • ^ - ■ ■ * . 

4-3.5 . Heavily 1 oaded ma jo r jmetropol i tan systems will benefit from trunked 

technxil og,i es only if "1 ess Vheav il y. loa^Jed- frequencies; are incorpprated." / 
(See 4.3.4.) Those communi ties wi th\ heavily 1 oaded- Taw enforcement com- 
^. ' -munications systems cXn be expected to derive spectrum benefit from 
*. . . trunking if other mun^c'i pal agencies;, ha vi ng ^e^tther less:heavily loaded « ^ 
;^ - systems or different times of nraximum u til i-zati on (peak load period) are ^ 
'- ' • 7 incorporated into the system. 
' >' \ ■ ^ ■ . ; — . 

' ^ ■ ' Recomm'enda ti on : Major metropol i tan are-as initiate comprehensive long- 
range planning for the ul timatje devel opment of combined communications 
^ systems. . • " 

4.3\i5 No one community can be exp-eeted -to assunie cos ts .associ ated wi th . the ^ 
* ■ V research and development needed to implement the i nno vat i ve technol ogi es 
' . . associated with trunked systems .; A sel ected community might provide 
facilities- and , personnel and assume certain hardware-related, costs 
associated wifh"--W3e equipment to be used 6y the community. Those' costs 
. associated wi th the' technol ogy transfer aspects of such systems, ..to in- 
"cl ud,e .|lasibi Tity studies , functipnaT . requirements development, and ^ - 

. test' and eval uation , are the responsibi 1 i ty of the federal governmeajt^^ 

Recommendation : The federal government parti ci^fxa^e in a development 
i ' : and demonstration program pf -truriked systems ^teGh^^ol ogi es as described ' 

■ in' Chapter V of this Report-'., . ■, - ' ' _^ ' ' • 

.4.3.7 Trunked^ubl i c. safety systems shoul d only "be i ns^all ed where improved 

/ system performance will result- The taxpayers of thevivndividual com-. \ . 

. munities' s.houTd not* be required to bear \addi ti anal - cos ts, of ^tVunkeM 
• systems implementation , solely to attain [the objectives of improved 

"spectrum .efficie^Ticy". .. If the only j us tli f i c^ti on for a specific trunked- 
' system is improved spectrum utilizatian which,, in turn, means raakiag . 

■ available channels for spme other (perhaps non-tax. supporteclj use , then . 

■ the propri ety of expendi ture of these ^tax-provided monies, i s" questi on- ' ^ 

. able. ^ Tt is- even more questionable to require such -expenditures in ' _ / 

areas*whef^e eventual spectrum congestion, within the radius of coverage - 
^ . : , of jj^he public safety system is only r^emotely conceiva'bl e. . ^ 

Recommendat i on : The decision to 'impl.ement trunked technologHts in a 
publ ic safety -system, design be based , upon the . needs of the system and 
' ■ ^ the communirty , invol ved , not upon a-n arbitrary standard (established for 

- ' general' appli'cat ion . """-^ - ... . , * 

4.3.8. The development "of trunked portable equipment may be costly and time'- 
: ^con.suming. The physical size .and battery life constrai n^ts imposed on 
^ . V. ' portable, ^uipments pose signf-f icant chall fenges to the engineering of 

' ' ' . * '.■ . • '. - ' • • ■ 

. . 1/ See Section 2^.3.2 for Analysis, supporting this figure. • • ' '* ' 

^ ' ' '■ ■' ' ' ■ ^ • " ■ ■ .. , :4.4- ' . ; / \. ., ^ _ 

" ^ •: -■ ■ ■ • ■ ■■ ^ ' ■' • ■ • • ^ ■ •■ 



such equipments. 61 ven ,the f oreseeabi e , limi ted market for suchnequip-' 
ments. It ]s likely to Be some time^beforp the. vendor community risks;'^- 
the engineering and development costs necessary to provide siich equip- \ 
rneiit. • . . 

Recommendation : .A program^be initiated by the federal government to-.* 
develop trunked potrtabl e ' 900 MHz equipment. Specific performance cri- 
. .teria o r-~thesajB^ by- the--demons tra^.i^bn - prog ram— 

soeiified in S^i^on 4.3.6 above, ! ^ 

Trunked systems are presently best suited to those communities that can. 

•be serve'd, from single "base station si tesl ^While it is not . practi cal at 
the present time to use trunked technologies in conjunction with mul- 
tiple si te repeater type systems , studies indicate that trunked technol - 
ogies would be compatible with "simulcasting" techniques "simulcasting" 

■ ^t 900 MHz has' not be.Qn demonstrated in a practical environment. - This* 
does not imply tt^at satellite rece^iver concepts are not compatibl e. wi th 
trunked techno log fes . 

" Recommenda ti ort : A program' shoul d be initiated to demonstrate simul cast-- 
ing at 900 MHz in connection with trunked systems • 

■ . • ' . . - *' 

POTENTIAL FOR tMPROVED OPERATIONAL CAPABILITIES USING TRUNiCED SYSTEMS 



The digital addressing techniques inherent in currently conceive^ 
trunked system concepts prbvi de the potential for significant advances^ 
ih the operation and. control of law enforcement communications systems, 
Dig^ital a'ddressing techniques can be applied to system design in a num- 
ber of ways. Many of these techniques can provide totally new approach- 
es to law enforcement co^Timunication system conf.vguration , management and 
operation. A major pr,oblem with this. new array of potential, "techniques 
is the need to. . select f or impl ementation thos^ that best provide the 
needed, capabilities in a realistic and cost ef f ecti ve.vmanner . . ^ 

Reconmendati on : A study phase be- incorp'orated in, the demonstration 
-program { see Section 4.3.2) to identify the specific functional cap'ar 
bilities made possible usifig trunked techniques in a. model operational 
law enforcement communications system-^ 

- ' • . - ' ' " ' ■ ' , ■■ ' . - 

A demonstration trunked system can- provide information regi^rdin^ channel 
loading^ channel utilization, peak load requirements , 'emergency require- 
mentsjfand the numbe^of channels required to support a specific agency 
under various opera ti'S^nal situations. Such data coul d provide the basis 
for ma-ny calculations , heretofore unavailabl e , needed to provide 'an ob- 
jective bas i s.. for ^spectrum management-decisions. ' .. 

Recommenda tiort : The trunked system demonstration program (see Settion 
4.3.2) include a cl early identi fied test program and the associated re- 
sources needed to accumulate. that factual data necessary to provide^ the 
basis for future system design and spectrum management de^:isions. 

In the absence of nationally establ ished standards , tru/iked -sys tern' 
development by different* vendor's will result in noncompati bl e systems . 
It cah be expected that the current command channel 1 anguages de.vel oped 
by di/xf erent ' vend-ors will be i ncompati bl e wi th each other. Unless the 
re^gi/l'atory agencies specify' a s tandar-dized language format for system ' 
organization, the* introduction of trunked techno-logies will- eventually 
re'syl t i^ a ma jor , probl em of system co-mpatibi l.i ty. 

4;.5 , * 



' ' ' ' ■ ■■ ■ # • ' ; 

) Recominendati on : The FCC adop^ a s'tandard command chaniis^l format for 

' trunked syst^ems to assure system^corapatT bi 1 i ty . 

4.5 • • EFFECTiS OF THE REGULATORY Ef^VIRONMENT ON 900 MHz SYSTEM ■IMPLrEMENtATION ' 

'<»•■■ ', ' '■ ' ' '. ' [ '. ^ 

-.. '• a frequency coordi nation . Successful use of/ these f requenci es ^lepends. 
"'^ . ta a significant extent upon the lai:k of noi se ppl 1 u t i on . The prdWems" 
\of frequency selection artd'IM mi nimization can become extremely comp-lex\ 
/Therefore, RF power 1 evel , antenna 1 qcati ons and heights, frequency se- 
lection and other, factors mus,t be careful ly cons idered to suit the tech- 
: ^ni.eal-.and operati onal needs* of each installation^ 

" ' 1 . ''^ '. ' ' , . . ' 

^ " , . Recomnyendati oh : -The FCC Rules reflec't the needs for Local coordination 

for eac.h 900 MHz license application. ' 



A.S.?' The role of cellular systems will njDt be significa-nt in serving publ ic 
saffety radio needs in the foreseeable future. "Notwithstanding the 
present deveTopmental effort, it will be a number of years be.fore such 
systems are implemented throughout much of the country. The nature of 
law enforcement radio communi cat i-on systems is significantly different 
' ^ from the public switched telephone netwi^k. Law enforcement- rad-io sys- 

- . terns are configured to 'Provide/rou.ti ne-dispatch sTervice and also command 

control support. They must be capable of handling routine and emergency 
traffic. Trie need to recogni ze the. priori ty of publ i c'^'saf ety communica^ 
* tions makes it .impractical to share channel s or facilities with users 

from the general public. ^ \ 

Recommendation : The role of cellular systems in support of publ ic 
safety requireme«ats be cons i dered. only when such systems have been im- 
plemented and have demonstrated- the degree of technical sophisticat^n, 
rel iabili ty , and capabi 1 i ty su i tab! e to the rveeds of the, public safety 
community. - . .. 

.4.5.3. The SMRS concept can provide a useful tool for^ the management of cpmbiun- 
Tty-wide tax-supported systems / This concept provides one more appreach 
to assist the present tr^nd toward consol Idated and cooperate ve 5yste"ms * 
It; should receiye consideration when trunked s-ystems become more common,. 

■ ' fn ■ . ■ _ . 

Recommenda t j on Public safety users initiate a policy to support the 
; SMRS» concept wherever determi nesd appropriate . (See Section 3.6. ) 



4.5.4 The present standards flar co^nventioji'al and trunked system.j4hajinel load- 
ing fail to refl ect the needs' of spectrum management or t+ie user. Cur- 
rent standards are based upon unsupported estimates and founded-on ad- 
ministrative convenience. They do not rel ate .;to the . user Vs operati onal 
doctrines, phil osophies. or to the commun'i tyVs needs .. They can permit 

•inadvertent wastage of the spectrum on one hand and inhibi t ^agency oper- 
ation on the other. ' / ♦ 

' V ■ ■ - ^ ■ " '■ ' ' 

Recommendation : The^ FCC devel op channel loading standards that reflect 
- ' those c,onsideration,s . needed to measure the level of service requi red' by 
th'evusing agencies. ^ - . / . * 

4.5.5 The requirement to implement trunked systems '. now pontai ned In the Rules- 
does aot reflect the needed operationa;] capabilities, th'e responsibi 1^ 
ities of" tax-supported agencies for cost effective design, or provide , 
for the flexibility needed to configure system design to user needs".' 



EKLC 



. . ■ ■■ - \ . ; ... ■ .• ...... ^ ...^ .. , 



.1 : :RecommendatvoQ. !o The regui rem^eTi t- for trail kedv^systern impl ementati qii fn' . 
the public sarf'ety sector beirempved from the Rules and provisioni made . 
for truaked systems Implemen^tation based upon a case-by-case aWlySTS . f^A^ . 
of. the needs of the using agency^ ' "-v " 




4-5.6 . The 'rules pertaining to licensing of 900 MHz system's hVve b.eer>^ev.elo.p-ed^ 

...J,: — ... ..on a.. general .ixed.™nd.tio aw bas i.s- -and^-th-eref.ore-jn^iV^^^'^ 

r - specific appl i cation. ■ The'^ associated with licensing lof such ' 

^systems vary sighif icahtly in'different portions of, the-countryj Ayailr 
able channels are rapicny being consumed i n the den^cply . pibpulated « urban 
•^..^ areas. These are'Vthe same ar^as of high crime rate where sophisticated 
communle.ations sys tems of the . future wi 1 1 .be requi red,,: 0^ the other 
hand, there are many communities whose geographic and demographic sitii- 
action makes ipconcei^able the foreseeable .saturation of the^'900 MHz 
spectrum. Yet both types of communities are bound by the same* rules 
requTring..'tru'nking systems implementation, and one-by-one channel 
• assignments, to attain an arbitrary standard of channel - 1 oading . (See 
Secti on 4.5.5.) ^ . . ^ . . 

, Recdmmendati on : The Commission's Rul es requiring trunked systems at 
900 MHz should be revised to recogni ze the di f f erent spectrum a1 1 oca- 
. tion problem's and needs in dil'ferent portions of the country having 
di-fferent geographic and demographic, situations . 

4.5,7 The Commissi on 's Rul es currently make little provision for the implemen- 
tation tff pi a nned systems . Consequent ly , they i nh'i bi t long-range com- 
munications systems planning. Large scale^- sophisticated systems that. 
' are configured to optimize utilization of spectrum while concurrently 
satisfying the users' operational needs are time-consu^ming to prepare, 
approve, fund and implement. They mus't be developed based upon the 
availability of specific frequencies, and such frequencies must be re- 
< served so that they are avai lab! e- when the plan is implemented. 

Recommendat i on : The FCC ass i gn- resources necessary to review, approve 
and monitor the implementation of 1 ong-range pi ans . Procedures be es- 
tablished to'^protect the i n tegri ty. of such plans by recognizing their 
f requen.cy. requ i rements during the period of their implementation, 

4.6 SUMMARY OF' RECOMMENDATIONS 

4 .6.1' Technological Suitabi lity of 900 MHz ' 

Public safety communications system designers consider use o/ the 
900 MHz spectrum i n devel op! ng new.. -systems , maki ng addit ix>hs' to present 
systems, and the deyel opmentcf future plans; ' - 

Those urban areas confronted with building penetrat i on or sha^dow effect 
problems cons i der pi anni ng to impl ement 900 MHz", systems at such time as 
replacement o.f existing* systems becomes feasible.'*^ Such plans should be 
f iled with the FCC at the earl iest appropriate^s{PDment. . 

A study be conducted to assemble the knowledge gained from experience 
with these. newly implemented systems to make this knowledge available 
to all' public safety -agencies .. * / ^ ^ 

' - - . : : ■ ■ / A ■ . . - . - ^: ■ ■.. * . .. 

Site managemejnt programs be develo^ped to prevent nqis^ pollution that 

might affect -use of 900 MHz- systems -.i.n the future. ' / 



• 



4.7 



- - ^ : r ■ • ' • 

C# The vendor community proceed with the early developraent of 900 MHz port- 
• abie equipment'^ • , - / ^ 



/ 




, ' V Those agencies foreseieing the possible use of 900 MHz should plan ear 
to. reserve necessary faci 1 iti es atop existing, or planned sites and TTo 
implement jiippropriate site management measures, 

fami-l-f^r- Wi t h -UHF - 

" [^maintena-hce tec>b^;^ 1;^ ^' * ' ^ ^ 

^ Deyel op. a^demonst)^ti on law' enfbrjpement trunked system-in which differ-y^ . . 
ent levels of system performance that are the result of Variati ons 'iiiy^ 
the nuinber of trunked channel s avai labl e under vari ous operati-orial. coti- 
* . dii;ions can be measured. . .v * \ ' ' . ' '-^ ^ o'i^i \^ .' ;^ ' 

. . ' , ■ ,/ ' ' . ■ ' ■ : ' 

• InvpTement a demonstration program under which actual cost figures pan, . 

be determined. Those cost elements now associated with devel opmentf ' . . 
.risks that are incorporated in current trunking systems estimates c'ouTd,- - 
th)en be el iminated . ^ ^ \ -^^^ 

. ■ --■■l-.::-- . . : \ 

. - In those systems in which a single agency lacks a sufficient number of 
units to justify the a*^ppl i cat i on of trunked techni ques , give consider-i 
ation to combining compatible, users , other factors permitting. Such 1 
communities fbres-eeing future needs for increased communications capa-/ 
bility should begin pi anning for cooperative trunked system development. 

• Those. large, heavily loaded metropolitan systems approachi ng saturation 
^ should no"^ plan trunked systems (not considering possible operational 

.advantages) except when suff i ci ent f requenci es can be incorporated in 
'tne system to reduce channel loading below saturation. 1 evel s. 

• Ma jor inetro'pol i tan areas i ni t i ate comprehens i ve long-range pj^nning f:or 
■ the ul timate devel ppment of - combi ned cbmmuni cat i ons systems . ^ 

• The federal'government participate in a development and demonstration ' 
program of • trunked systems technologies as described in Chapter V of . 

.. / - this Report. " 

■ - ■ ■■ ■ ■ ' ■ ~ . " . . ' ■ ■• • 

• The decision* to, impl ement '"trunked technologies in a publ ic safety sys- 
tem design.bg basad upon the needs of the system and, the community in- 

/volved, not upon an arbitrary standard established for general, applica^ 
ti on . • ' . , ^ ' > ^ 

• A program be initiated by the federal government to devel op -trunked 
■[ portable 900 MHz equipment. Specific performance cri teria. for these . 
;\units would be determined by the demonstration program- specified in 

Section 4.3.6 above. < 

. '. ■ ■ • ■' ; '■: . . y ' : y / ;: . ' 

.•A program should be -initiated to demons-trate .simulcasting, at 900 HHz-in 
connection with trunked systems. . ;^<* 

• A study^hase be incorporated in the demonstration program to identify 
the spe-cific/funct,ional capabil ities made"pos^ibIe*using trunked tech-- 
niques' in a model operational'law enforcement communications system, 

• '.The trunked ; system' demonstrati on program include a. ;clearlyidentiftfed 
; te^t, ^jrogram and the associated resou rces needed to accumulate -that 

' ' factue^l data neces^sary to provide the basis for future system design 

and spectrum management decisions. .v. \^ . ^ 

. - *■ - ■ ' ' . ' ■ ' ■ ' . ^ 

The FCC adopt, a standard command channel format for trunked '-systems to 
assure system compatibility.. 




The FCC Rules reflect the needs for local coordination for each 900 MHz 
license. application. j \ . ' ^ • - 



Tiie role-,orf. celluTa*:s'jrstems in support of publif safety requirements b.e 
cbnsider^<n&^nly when such systems have. .6een . 1 mpl emented and have demonT 
strated /the degree , of technical sophist Tcatit)n\ reliability, and capa- 
bility suitable to the needs of the' public safety communitj^.V .... / . 



• Public safety users ini ti ate- a :pd^] 1 cy ^ sujiport-^tbe ^MRS concept ui^ 
' ever determined appropriates ... j^-; :^ I ' J 

m FCC' develop channel - loading standards that reVlect those^tonsider- 
ations jieeded to measure the level of service reqtiired by ,th£ using 
agenc^ies. 1 • iV - 

• The requirement for trunked system implementation An/thV put^ 
^w^ctor be removed frojn the Rules and ''provisions marde:-^ 
^(itjems^jmpl ementatfon , based upon a: case-by-case analj^s-i? of ihe needs of 

t^e.^sing- agencyC ^ _ • 

' ■ . > - ■ ' 

• The Commission's Rules requiring. trunked;systems at 900 MHz should be/ 
revised to recognize the dlTf erent spectrum al location problems and ' 
needs in different portions, of the countif^y having different geographic 

- and demographic situations. • 

• The FCC assign resources necessary to review/ approve and monitor the 
implementation of long-range plans. ProceduiWjDe.es tab\i shed to pro- 
tect the. Integrity of such plans -by recognizing t>r€lr frequency require*^- 
ments during .the period of their implementation. 



CHAPTER,. V 



1 '""ih INTRODUCTION 

.■ .X 
1.1 - General 



TrtE DEMOfrSTRATION PROGRAM^ 






The preceding Chapters of thi s study dellel op. the cd#icTtfs i on - that 
.900 MHz spectrum will provide a he/:e:$$ary and val uabl e, resource for 
.^(i^blic safety communications.' 'Pro'p^gati on phenomena associa^ted with 
^his portion of the spectrum offer potentially attractive character! s- . 
tics forits use in both urban and suburban communi ti es. Benefits.'to be 
derived'frbm the application of .trunked system technologies offer an. 
opportunity to enhanc.e-the operat j onal capabi T i ti es of public safety , 
systems and^the possibility of improved spectrum utilization. However, 
a trunked system has yet* to be configured and tested in an operational 
law enforcement environment. ' • 

Though technol ogy is available, the desi gn^ and' imp! ementati on of an ^ 
initial system i nvol ves innovati on . ; As with any untried technol ogy , 
engi neeri ng problems must be resolved and implementation difficulties • . 
overcome during instal lation of the f i rst operati onal system. The opti-^ 
mum configuration that fully exploits trunked concepts- potenti al for 
improved Operational capabi\ities can'only be determined by designing a 
system to meet a specific ne'ed and then building and evaluating that 
■ system^' s performance; " ; : 

The prattical demonstration* of* an operating sysiem wi 1 l~&e of benefft , 
to all potential 'users throughp^i't the United States^; - Development of. the- 
operating pj^ocedures , engineeri ng data, operational concepts, and sys- 
tem^ performance standards associated wij:h such systems will provide sub- 
sequent systems designers with, the necessary fou ndati on upon which they, 
can base the' design of future systems th.at satisfy their individual. - 
needs . . ' * , - , 

The risks and costs associated with the imp Vementati on of an initial \. 
trunked, 900'MH^ system are beyond the responsi bi 1 i ti es' 'of .an' qndi v^i^ua V 
local community. Only the federal government -Is in a position to ti'^o- 
vide the Initiative, resources., \and level of responsibility needed to 
resolve these issues-in a m^anner havi ng app-^ication to all potential 
users. The federal - government' sS;ol e i n* devel opi ng- technoVogles for use 
by communities thfougbout the country gi vesf i t responsibi Vi ty . for .es- 
tablishing the ob^ctives of a dev^elopment program, moniiori ng, program 
^ImplementatTon, evaluating results, and disseminating Jt45fe technol ogical , . 
knowl edge" obtained . ^ " - ' ^ 

The nature . o"f trunked systems i<s such that 1 arge amounts of .redundant ^ 
mobile equipment a^?^ required in a system lar^gi^nough to illustrate 
the principles invol^d and/to demonstrate tne object! ves sought • .Qnce . • 
such: a system has reacffn^ igjv operational status and its test and eval- 
uation have been compl etedTV'the economic investment involved demands 
that it serve on-going needs. It is therefore appropriate that- the com- 
mun^ity selected "for the demonstration, system bear^ t+ie costs of the hard- 
ware that will ultimately be used in an operational isystemt On the ^ 
other hand, the federal government shoul d provi de those funds associ.ated 
with those program requirements peculiar tb/^the devel opment and demon- 
stration of the^ new' technol ogy , i ts^eval uatYon and test., . 

. ■ " . ■ / ■" ■ ' ' ■ ■ 

The" fol 1 owl ng program, therefore , is based upon -the assumptions that a 
designated, Cooperative community will bear equipment arid facility- 
related costs associated with the sati sf acti on of its needs, and the 
federal government will' provide those funds associated with the develop-r 
ment of ' the. .1 nnova-ti ve technology, its test and evaluation, and for the ^ 
technology transfer . program' needed to benefit the rest of the country./ ' 
♦ - ..- • . 5 • 1 ' ' . ^ . . 



5.1.2 Objecti v'es of :y^Demon strati on Program * \ ' 

\his stAidy has analyzed fhe ab i 1 i ty of --trunked 90^ MHz systems, to meeu 
- ^ JJaw enforcement needs and concluded that such sy^ems are feasible and . 
. wilj contribute Significantly to the. level of capability .of law enforce- 

ment^ agencies throughout the c-ciuatry^ A review'of technology has shbwn 
.. that the capabij ity. now exists 1;o ijorfi^^ Before indi-v 

. .1 ,i^A_-.^JV i.diJ a 1 .JLp mmu n i_t i e s ,.c a n_ Xd d_r e SfS.'^^tJK^ in g., m a n a g e m e n t 

'' ' J funding and engineering^ 'problems ay:s'bcia;6:^d with. such .innovative sys- 
tems, a practical deiTion.strat'ipn' of . the nmpVementation an operation of 
such systems must bfl^/actomp^i'sh.ed^^^ 9 , - . " 



The analysis cpnduc^ecj^ i?n Chap'ters II and I IJ[ "of t'hi s ' s t'udy indicates, 
that there a>e ' three^objecti ves to be satisfied by such 'a aemo-nstratioji 
; program. '.. These are ' _ ' ' ^ ~ 

*a) ^ .Identify ;th^ 'degree '^f increased 'spectrum ut i 1 i za ti on>*t hat can be 

expected to restilt from the i mp 1 erne ntat i on of 'trunked te-chnol ogi es . 
. WhlJ^ analyti cal studies ma:y yield evidence, of ^spectrum savings 

^^at^mi gh t resul t f rom imp] ementati on of., trunked systems^, the 
. aciiial extent of such savings can .only be determi ned with a reason- 
-ab^ degree of certai nty by me-asurem^ts made in an operational 
'e1EjvT>ohment Such fcictual data must:be accumulated' before accurate 
cost benefit judgments can be made for follow-on systems.' 

The demons trati on syste^^ employing trunked technologies should 
identify acceptabl e cha-nnel 1 oading- standards for a trunked sy'stem 
i n a n ' opera t i onal environment and, compare such loading with those 
^standards appropriate to conven.ti ohal systems . ' 

b) Demonstrate specific operational ^capabil i ties, ma'de .^poss i b1 e by t r 
trunked techno! ogi.es , a nd . the effects that such operationa 1 im - 
provements can have upon using agencies' capabilities . TrunJced^ 

" , t«€chnol ogi es offer an opportunity for a new^ approach to law en-' 

forcem.ent ^communication system design., and' the potential for sig- 
nificant, improvements .in t+ieir performance. -A suitable demonstra-" 
t.ion program should devel dp these concepts ^ demons trate their use- 
' ' f ul ness , and provi de a functiona.1 model for other agencies to 
follbw'.,in systems . of^ their own . 

c) Resolve e:nqineering and procedural problems . The demonstration 
program should resolve possible engineering problems" that can arise 
in. the implement^a ti on- of new technologies. ProceduraT^^and organ- - 
ization^il poTicies.. that may be' necessary to.^.f^ul ly expl o\i t. .the ' 
"potential of new techno-1 ogy. shaul d be : identt^ 

of such a. program, - other age nci es can then a da p't- these Concepts and 
. r techno! ogi es' to their jDwn ne'ecls. . • ^ - 



5[%^ 3 .P rogram -'Outl ine 



The development ■''(J::6> a new technol ogical capahiTi ty and its subsequent 

application to practical projDl ems^'^iftij^ t f o-l 1-qw an orderly process . 
' While various system development and technol ogy tranjsf er program out- 
. Itnes. Kave been developed most; include .similar s.beps . .In view, of con- 
' sideration? oTv^economy , th.e^tatus of technol ogv, aiid the management 

s t rue turg^ 1 i kely to be i.nvo rVed i n. the devel oj^ent of 900 MHz t ru nked 
'•systems , a. program cons ivs ting dkf^ five phased recommended. These . ^ 

five phases are: ■ V — \ ' * 



.5.2 



s. 



4 



ERIC V • ' 



: 'fhase 1 



\ 



Feasibility Determination « / 

. ...^ ^ ■ • •• ^ , , 

A program to introduce untried technology or procedural concepts 
sKouTd first determine the technoTpgi ca 1 'And opera tiona 1 feasi-- 
bility of the ideas involved. Siich a determination requires: 
analys 1 s of the' proposed technology aiid determi nati on of its 
potential 'appl icabil.ity to the problems needing solution. Assum- 
J.n.a that the analysi s i n^d.lcat bj\l tty ;of .Ih.e t.echnpl ogy 

it. is then necessary to .ide'ritl fy those quVsti'ons and/or problems 
that can '^est be resol ved through practical demonstration. Once 
the- feasibility has been established, the outline of a plan for. 
imple,raeiitati on and test of a . demons tra t i on sy^stem' should Jbe pre- 



Phase. 2 . 



FunctTOnal Requ i rements Deve Vopment 



A d*emonstrat^* on program requires the def i ni ti on of s ped,i f i.c 
functi|f nal objectives to be; s^atisf ved :by ^he demblni^ tra ti on syste 
A site for- the demonstration model must- be. selected and the speci- 
fic' functionaLl.req'ui rements of the Sys terrt- to be implemented in^ ■ 
that environment Identtfi'ed 1 A detai 1 edjscheduTe for implementa- 
tion^ including costs ^nd. management concepts , should be 'prepared. 



Phase 3 , Impi emen ta ti on Prog^ram. 



Based upon the fu^nctional requirements and program schedule 
developed in Phase 2 , an org-affi zati on responsibl e for Impi emen^a^ 
tion management shoul d be "designated, sped fications prepared , *ajid 
procurement acti vi t-iies resisting 1 n -equipment design , test and* 
production accompl i>shed . After successful testing of the devel- 
opmental system hardware 'components ful 1 seal e product i oji. and 
installation can proceed . ^ncevi nStal 1 at ipji is compl eted , ^ the . 
indi vidual compon.ents* of , the sy^s tern can be tested- to assure com- 
pliance with specifications. ThisT step i s . necessa^ry prior to 
overall system evaluation to assure that * sa^equent sys^m'per- 
formance measurements are uncorrupted by daTB clouded by faulty 
component performance. ^ ^' 



I 

\ 



Phase 4. Test and Evaluation 



fi?st is 



m- as 



Phase 5. 



The test and eval^uation program has two objectives. 'J-h^ 
to d'^t ermine if ih'e 1 ndi vidua 1 . pi eces of e.q'uipment perfc 
spec-4f 1 ed ^and th^n to determine* if tliey combine properly into a 
system, that f ul/il 1 s the fu nctional • requi rements establ i shed at 
J;he outset. Ttfe, second objective is to. determine th^ extenj by 
t>hiuh these fi/nctional requ 1 rements contri bute^to^ th^'original 
goals of the program, for .example, , improved agency effectiveness, 
increased resource util ization efficiency , improved spectrum 
jQtil ization^. etc. The "test and evaluation program determines how^ 
wel 1 the system, taken as a whole, satisfies the •operational 
needs* It provides a. basis f or coS tAbenef 1 1 decisions by future, 
/tjsers of the technology, vlt also, pro'vides'. i nfdrmati on needed to * 
.spec.iTy s'yste-m parameters so that they can be applied by other 
users 1 n deve'lopi ng systems of thejr own. 



Technol ogy/ Transfer 



>.Data acqui red during impl^eme^nta ti on , ,test and eval-uajtion must be 
made availa,ble to potential "users -of the 'technology * It shoiild. 
therefore ;be developed in a manner th^t will provide ma^itnura 
assistance mother agencies who might benefit by application of 
the demonstrated technologies. . _ ^ ' 



5.3 



ERIC 
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The cQSt^and duration oT each of these Phases\are functioo^ of the 
system to be developed and the prbblems.to be solved. Tfi^e f ol 1 ov^i ng 
— ^ !^jleitionstratton prosr^m for a trunked 900 MHz law enforcement telecbmmuni- 
, ;Cat1on(system describjes eacl) of these fivQ Phrases -in terms of the objec- 
tives. presented in Section 5.1.2, Since it cons tifUtes the next .step ^ 
of a recommended program, 'Phase 2, the Requirements Development, itv-is 
presented wjfth a degree of detail^ 'Pha'ses 3, 4 and. 5 are each presented - 
in dinri nishing.'deta.i 1 as . they_ _aX6„P..L^ 

5,2. PLAN FOR THE DEMONSTRATION/pROGRAM 



5.2^1 .' General * . \ 

The following Section discusses each of the above ffve. Phases as applied 
to ^a 900 MHz tranked system program. The objectives of each Phase are 
described 1 and the steps that must be accompl ished .to attain these ob- . 
lefcitives^pres^nted. Budgetary and schedule considerations are- contai ned, 
/In'Sectioris 5.3 and ^,4, * ' . 

' / . ' ■ . ^ \ \ ■ \ ^ ^ ■ 

5.^2.2 The Feaslbil ity Study ' ^ - . ^ . 

The objective of Phase 1 ok the 900 MHz program is/ to evaluate th'e 
feasibility of the p.roposedl technical concepts as they may apply to the 
. problems presented. The a^ialysis, conclusions and recommendations p^e-'^ 
sented in the preceding Chaj)t^rs of this-"study\constitute such a study 
i and represent Phase 1 of a program to dvevel op and^ i ntrodji^ce to the law- - 
J .-enforcement and pjjblic Safety^ommunicarK^n communities the i-nno'vattve 
- concepts and .techni c^l advances inherent inThe development of 900 MHz 

trunk^d communication ^y^tejns; It has described these new technologies . ' 
and their potential to cor»tri:bute(_^fb the joperati onal capabilities of the 
^at\on*s 1 aw enforcement BgenciesV -It concludes tha.t such technologies 
are Tteasible and^witljin the present state of the art. It points out the 
o.bjec'tives of a practical 'demoTistrati.on- It provides the basis upon ' 
which to make d^c is i ons to proceed *wi th the next step, i.e., the need ; | 
. f or * identi f i ciatTon of the s pecifi c . functional requi-remer^s of a *demon- 
^ stration system. j. ^ 
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.2.3 Reqtii rements Development 



The objective of Phase 2 -of . the^demons^ ratioii program "i s to provide a 
detailjBd descHi pti on of the functional requi rements that must be met 
by the ^nodel system* This sta^tement of specif ic i^unctional requirements 
should' be in sufficient detail to permit accurate bu'dg^t'ary> f orec.as ti ng 

' and the d^velopment^f contract sp^ifica-tions. To do this, tfie commun- 
ity in which'the model -system is to-be implemented must be s3;>feicted . 
The- specific operational functions th^a.t must be performed b^^the l&w en- 

, forcement communications system^bf that mojlel 'commgnrty have to be de- 
' fined. ]^hase(;!52 also includes an information acqliisition ph'ase during 
: Vwhich -infofmatiort;^ pertaining .to - the operational impact of 900 MHz propa- 
gation phenomena js accumulated* This information will be- of signifi- 
cant fmpor'^Dce to^thbse rjlaking system configuration 'decisions for 
follow-on programs.". ' 



5.2.3.1 Site Selection 



The- sel ection of an. apprOtpri ate cpmmujiity '%>d be designated- for the can- 
duct o"'f this demoiistration program is onje of the f i rst- steps that must 
be. taken an this .Phase. 'The criteria for this sel ecti on' are as follows 
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a) the selected mode^l. community mustUbe a vpluntary participant 'in the 
test program; ^ - , 

b) a newv law enforcement communication network should be needed by ^ 
that community. * An appropriate standard might be that the commun- 
ity's present system be in excess of seven years old or that signif- 

f;r i.cant , new requ i rements have developed that require the implementa- 
L t .i.D.n _o f _.a._^n e w_ sy.s.t e m . . _ .._ „ „; . :^ 

c) r The- eTectromagnetic envirorwnent- should be such t+iat the 900 MHz 

portion of the .spectrum wiTl preve -su i table coverage. The need for 
^repeater transmitters to* fill shadow areas makes 'the. introduction of 
* /trunked concepts technically difficult at- thi s * time and d^uld cause 
. cos^s not directly related to the objectives of the demonstration 
. progVam: Therefore, the area of requi red- coverage shou 1 d '1 1 e wi thi n 
.a raaius of 20-25 miles and terrain be such to. permit coverage from 
a .single transmitter location. (This does not preclude a second 
si te /or, backup > re] iabi 1 i ty pu rposes or. the- use of satellite 
• receivers.) . • " . - . 

d) The community must; be wi 1 1 i ng .to - commi t f unds needed for *t.he capital 
outlay required to support its share of tn'e project costs. These 
funds may include local monies^ other Federal (LEAA Block Grant v. 

* program), fii'n-ds, or cpmbi nati ons thereof . The . communi ty must also 
be wi 1 1 i ng to p-rovi de project management personnel, si te . faci 1 i ti es 

and locations^ and other resources necessary for such a prografm. 

. ^ ... _y. ... . . ... . ■ r 

e) Officials in the communi ty shoul d be willing to work with the LEAA 
and/or its designated representatives in the conduct of the test 

^ and analysis portion^ of thi s project . ' 

\ f ) ' The community should be representative of a typical urban metropolis* 
that might utilize the;900 MHz spectrum. While it must be large^ 
. enough to demorvstrate the - usefu 1 ness of multi channel trunke^d- sys- ^ 
tems, it s'hou 1 d-^not, be s^o large as td require an excess iVe^H evel of 
redundant hardware to* produce th-e n-eeded test results.- A law en- 
^ ' forcement agency (or combination of agencies) emplpying more than 
300 mobile units wouVd Jbe appropriate. , 

■ 

Since trunked portable* uili ts are not likely tc be comnfercialTy 
available' in time for the demoft^.trafi on p*^ogram*, the^ communi ty Vs : 
law enforcement communicatit^n^^erational concept should be such 
^ that portable uni t-s will not be requ i red for several . years or that 

^. . the reqxii rfS^ment can be Satisfijed by- a hybrid- (trucked mobi le and 
.-.conventi'Onal portable) system'. ; :" ; ^ a. • i * 

.e" • ^ •■. - ' ^ ■ -.V .C' : - ■ ^ ■ / ^ ' ' " - 

^.The final ctncision.. regiarding ^he^ site to be selected should be made by 

the. LEA/fl- ■, ..r- ' : 

The selection of an . optimjjm ^ si te Ybr the demonstration of - a' -technol ogi - 
V qal'ly and operational ly '^dm[^ex ^XStem is. important. Much of th^^^ 
success or fail ure-of ttfe prpgram and the lO tiirrate costs .ajssaci aYed'^ 
"therewith will\ to a great extent, depejid upon the. appropriateness of 
the demons tcation s.i te selected* To .^assure -that"- a J 1 suitable caadi.-'.-* 
, dates^are considered , a. nationwi.de 'survey^^td ijlentify ^aJT cities meet- 
ing the.-speci f i ed cri teria shoul d 'be conducted The "Sui^ey - coul d. be 
accompli i shed by providing specific cr.^it.eria in ad^cordance wi th -the con- 
.^tent^^f P.ar. 5.2.3.-1 to the Chapters ^of APCO. These; Chapters are in 
■^an excellent position to identify those cities wrtliin thefr^ region? 
meeting the above minimum criteria. ; ^ ' \ ^ */ ^ ' - 

From th'T^ list "of voluntary participants,^ discussions'-cduld b^^^eTd- ; 
°* with community representati-v.es to further refine mutual understandings 
. of-the opportunities and re^pdnsibil ities/involved.. From; these *di Sr. - 
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— ca5-sions a J is-t'- of.--tho5e-ci toVejsV- (approx-ima tel^^^ -and able - to - 

■ ' participate wo-uld be presented to th^ LEAA for its final determination. 

' ; ■ 'C •• ■ ' ■ ■ .' ■■ . 

^ 5, 2 .a, 2 Management Relationships * ' . . / : - . 

■'^ , Once a s^'te has been 'sel ected , r^T§seritatives 'of the agencres partici- 
pating. \n the program-should detf^^p a- .Memorandum of ^Agreement defining 
- < the roles.' and%responsibilities or ,ea,ch of the participating agencies'. • 

This' Agreement should id^ent^fy .overall project managemen-t responsibility' ' 
(which should be vested in 'the law enforcement agency actually . procuring 

• and .'usi ng 'tf;^e system) and thje' areas of- p:articipation by other partici- 

• pants in- th^ projects It would, also outltri'e the developWrit program, 
identify schedules and speci fy *&undi ng responsi bi 1 i ti es _ ... 

' ''■ ' * ^ <" 

5. 2. 3, 3 Propagation Dat^. Ana'lysi s * - , ' 

The f easibil ity sti/dy coh'du^ted -under Phase 1 of this program (APCO's ^ ^ 
Project 16) raises C|uestions regarding potential operational problems ' 
that can occur under certain conditions of propagation. The, extent and 
.^nature of theSe problems should be determined, based lupon the practical 
'.experience of. the agencf-es" now empl oyi ng ' sli^^systems . * Cjoncurrent with 
the si te 'selection ^ac-tivity, a .survey of rfroVe principal 900'MHz*law / 
^ enforcemen-t systems -that^ ha ve become operational^ as X/f the outset of 
^ Phase 2 of the iprogrdra should be conducted, 'Data descri bing* the oper-* 

ational experience wifh these Trequencies should be accupiu 1 a.ted. Any , . ' 
. information available reg-arding the techniques used td overcome snjch 
problems should also be acquired, . . . ' 

This data' should be avai^lable by the time* the final syst^em configuration 
deci sions .are mad.e./ In this way'^the data wilT%be available for analysis' 
and application to the individual requirements of the. moxiel cdnmuni ty --at 
the time the functional requirements are prepared. « " - V 

5*2,3-4 The Development of Functional Riequi reroent^ - . " ' . • 

Once the community in which the model system is to' be instal 1 ed • has^ 
■ V- been selected,, those functional requi remen^s'fOf rtha law enforcement' \ 

• * communications system that mu,st be* satisfied to meet the needs of that 

city c^n be determined. Such f uncti onal needs must be developed in,.\ I'izs^ 
close cooperation with the authorities t)f the Cjity selectiad.- they must^y^^^ 
recognize .the operational procedures, and resppnsibil iti es of th^ . agen- 
cies involved, . They should exploit the many potential capabilities . 
-^inherent in the digitally, addressed , trunked system concept that.wilV 
best serve the needs of the; community, aVe fecKriol ogical ly and economic- 
ally practical , and'^serve. the objectives of the [demon's^trat ion- program. 
They must al so^be developed in a maaner to 1n^irj.e ' the orderly transi* 
tion from' £he exis^ting system, with i ts estabil ished , procedures , to the 

^ ' new system , • ^ ^ * • ' - . ' | ^ . ' . - ' ♦ 

These functional requi rements .must ijiclude tbe-jj^eed ^.tb !ctev«lop pro- \ 
cedures, train personnel,, provide documentation, •and'^de/fne maoritenance 
requirements ais part of the impl ementatilon of the-^new"system, J-h.e jin- \ 
navative nature of trunked systems and their pote(^ial far new opera- • ! . 
tlonal capabilities require tf^at the devel opment cPr. the functianaai ' 
requirements incl ude concepts beyond the usual .scope of law enforcement ' 
'systems development activities, ^Individuals familiar with the'ypoten- 
tial capabi'l i ti es of ^trunked systems and *thei r^ operation shoul d b€.>^ 
se'lectejd to participate in the devel opnrent of .this functional requ4ye--.- 
ments document. Those individuals with broai^ experience ir^law -enforce-' 
'ment communication systems and al so -tiavi ng. the technical background. - . / 
needed to appreciate the potential benefits to be .derived from such sys- . ' 
terns should be chosen, , • . .. 

■ \ • -/^ 5,6 : ■ ■ ^ ' _ . 
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Phase 2 of the program wi 1 1 yi el d the following specif 1c results : 

aO selection of a community for the demons tr&tion 'program. and the 
development of necessary management^ agreements . 

b) the accumu 1 a t ion , cbnsol i dat ion and analysis. of available infcrrma- 
.tion regarding the operational impact of 900 MHz prbpagation barsed^- 
-upon ■ practi caT experience with installed systems^ 

c) . a functional rfiqui rement statement specifyi ng'tftose* system per- 

formance requirements that must be met by the 900 MHz trurijced sys- 
tem to be demonstrated- Thi s document will^provide the bas.is for 
the developmenj:' pf the .statement of work and specifications for. 
hardware deveTopment and install atibn . ^ ^ 

■ . V . 

IHPLEHEKTATION PHASE .. ^ . ■ r ' ^ 

General. . ' ; 

The implementation program will involve the devel opment of equipment 
tfiat requires new configurations of exi^fing technologi es - A compl ex 
portion-' of thi s program wi 1 1 be the d^eJi^pment^^of the software (control 
language) needed to accommodate the functional requirements of the sys- 
tem. The statement of work and eqj^ipment spfeci fi cations can -be" pre- , 
pared based upon the functional requirements" document preparecl in 
Phase 2 of the prbgram. Upon commi tment^of• funds by responsible agen- 
cies, th i s ' statement of work can be issuedf' to the venidor community as 
part of a request for proposals. A competitive source selelrt^'on process 
would then be conducted to select a development and implementation con- 
tractor , • ' \. ■ - ' ' 

• . ^ 

A'^working model of the' system mus.t be- demons tra ted te^t)re^ production js 
authorized to test equipment design and to de-bu.g ;th^ sof^are. This 
can.be done by speci fyi ng a mult i -phased hardware d;evi^l o'piment and pro- 
ci/reipent ' program, . J n which the vendoi^ ts required to demonstrate a work- 
ing model of the system, including the control cjiannel , command Ian-, 
guage, bas.e station RF equipment* and two, or mor^^obile units (.as- a 
minlmunjr) before r^geiving approval to proceed with production of the 
total system^. . ' ■ ^ / 

Once the .system is installed, the individual ^components of the system 
should be tested, then the entire system tested as a whole. Review and 
analysis of the test results* by. the ysi ng'^agency. wi 1 1 prov^tde the bas>is^ 
far' system acceptance. * . - , ' / ■ 
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Spieci ficetiort Devel opment . • . 

Given the approval of the functional requirements document* developed In- 
•Phase 2 of the project, hardware, performance speci fi cat ions' should be' - 
prepare*?! to provide vendors with tbe^sp^cific technical and environmeijt't- 
al requirements upon which to base- j:heir proposals. These sp'ecifica-" 
vtidns should be prepared i>y a team of individuals familiar with the- 
overall program and its goals and objectives, representativ^e^^M^f thev., 
model community kn^wl eageabl e .i r. ' the needs of their agency, and consult- 
ing technical specialists quaTnfi.ed in RF equipment arfd trunked system. 
design. * . ^ , / / ^ ' ^ / 



The specifications should ^Iso define those'^hardware capabi 1 i t'i esv^^and 



tJi e . t e.s t „p 0 i n ts^o r i n t ex f a c e.s„ n ee d e t o p e rm i t Jm eia s,u r eni e n t _ o f_. t h o s e, 
indi V id Ujal hardware and system ^performance f actars 'i denti f i ed in the ^^ 
test pj^ogram (see Section 5.5 'below). It woul d .contai n th^ . £oj 1 owi nip 
'sectiorvs: General Conditions, Special Conditions, Scope of the' ' i-, 
Speci f i cat i ons , Equ i pmentr-Speci f i cat i ons , ' Performance iVer if i cati on , 
Training^ Ma i ntenance , ^and/Sche'du 1 e . ' " 




The Statement of Work' (SOW). ' ; ' y ; <■ 



T^e SOW . shoul d be prepared by the .same ^\eam that , prepares the specifica- 
tions and incorpoVatetf as'a part ther^o-f. / It^ should outline a phased ^ 
program, i.e.S de^mon strati oh of^ worki n^lg.'.hiddel .*( pro.'bab'ly at thfi 
'vend^or's fac'il i ty ) ,\ i nsta 1 1 ati on of. the" sys%em> test' and c^heCkout ofthe 
system, and system cutover .from the existing systenj tO'.the new trunked • 
system:- The SOW shoal da^l so. identi fy ^the r,equiremeht to^ demonstrate a 
working sample c^f tKe sys'tem before, full scale producti on i s authorized. 
T'he procuring authority should have the option to , termi n^a tie the -contract 
in the- evient of'^uhsat i sf actory performance of the model-; at -minimum ' 
cost. - 'An^'ftiportant. element pf the'SOW wilT be" the def;i ni t i on«pf what' 
constitutes .an acceptabi e system" and how it will be d'emdn? treited\ 



The'SjOW. stioul d specify, mai ntenance support of the system for i minimum 
.per-n' od/'{*probably pne year) after system acceptance, and include "over 
the sh'oy.lder"- trainrng of maintenance personnel if in.accord-with' the 
maintenaTiee concepts of the using "^agency. It should i ncl ude- the, re- 

. ^ • ' ' " ■' ^ " - ^ - - . — - — -irfagement 

5y the new 
any new oper- 

techni que,^ . 



zne snoy.iaer - tramrng or maintenance personnel it in.accorc 

maintenaTiee concepts of the using "^agency. It should include 
•qui r^meb^t for the development af' any speci al i zed; system marfc 

a|i<l/or operation,al procedures th-at might be" necess i tated. by 
' technology . It shoul d als.ovinc] ude trai niiig personnel in aj 

ational techni qu^^. v * ^ . \ ^ ' 



The'work s tateftent 's hotjl d i ncorporate - those phases of the test and-'eval- 
^uation pV.ogram't see' Sec,t ion--5)i5' b'el oW) that- can best ' be accomplished by 
the d.-^yelopment contrxic'tor. This woi&l d i nol ude testing of individual 
bar d w a re. items, 1 d e n t i f i a b 1 e^sys t e ms , . a arf , o v e r a 1 1 s y s t e ra - o p e r a^ t i o n . / ' 

A\ cutover _pfdtg;iram sho be d'efineji, specifying the mai-ntenan^e -of. the- 
regu.i red,,.Ve:\^^^^y^^^ operational capabi l ity by/ the using agency during the 
tran'SilJon;-'l3fe?fj;(^^ Vendors should be . requi red to- submit detai 1 ed .plans 
•f:or cutover a^Vart of their proposals. ^ *• 

Procuremertt^, Installation, Test ,an*d. Acceptance . ' 

r - i . ■ . ^ '\ \ ; . .. a 

Procurement resppn^sibi 1 i ty for the system sh-ould rest with the community 
in'which the demonstration system is to be installed. A procurement • • 

<team' should be estab^lished,. under! the/direction of a Project/:Di rector 
wha has been designa't'ed by the ^gjSnqy that will eventually be the user' 

^of the system. This procurement teiaem s'hould include technical and oper- 
ational repT^esentati ves of the using^a^ency >n addi tion to personnel 

•experienced in the dembns'tration' program itsel f , as representati ves p^ 
the sponsor! n'g. federal government agency . 

: ■ " • • . ^ ^ ^ . / >. 

Th'i's p'rocti-rement team.should aft as .fhe source selection board, superr 
vise contract activities^, monitor contractor ^^progress , reviVw ""contract- 
or tests, and ma If e recoinmen-dati ons regarding. ^hardware ancl system accept- 
ance. *th.is team shou^ld be the dnly^group hav.^^g-'''autho^^;ty to recommeriji" 
cdntract changes. , ■ , > /' \. • . ^ 

Thei'^procuremervt team; under the . di rection of /the. Project Director, - 
should monitor i nst'al ;i at ion , acceptance testi-ng,-i and' cutover activities. 
It should also have access to^ the- resburces^'aJid administrative channels 
needecl'Qto co^'ordinate .instal 1 ation and cutoV-er acti vi t i'e^/ ' • 

. ^ ^ 5.8 . • - • . 



Those members of this team represeniirrg the sponsoring federal govern-- 
"ment agency shod 1 ^ be" responsibye for preparation of arid Vubmisslon of 
test reports that wi 11 * document for future'^use by others, th-e technical 
data and program-related experierw:es obta-tned during the implementation 
phase of the project. ^ V ' " ^ 



THE TEST AND EVALUATION PROGRAM , / 

^The Overall Testing Concept . /* ' 

The comple^te test program for! a 900 MHz' trunked system incorporates . 
fqfur levels of test and evaluation, several of which are interleaved 
with other phases; The first level of tes/ts determines the adequacy of 
the basic system de'sign and hardware' confi'gurati.pn prior^to serial pro- 
duction. Thes^ tests will demon-s trate the va.lidity of the engineering • 
concepts employed by the vendor and ident/ify possible interface prob* 
Jems. Upon successful demonstration' of this mock'-up system,^ production 
and i nstal 1 at ion ^can pro.ceed. /' . \ . 

The second level of tejiting,, conducted by the. contractor after install- 
ati(yi\is complete, is a component-by-component test to demonstrate that 
the individual :^lements of the system function in accordance with their 
design specifaca^tions . In the event that inadequacies are found, the 
contractor should be^ held responsible f or. i-hei r correcti on . 

The thirdvlevel of testing is the overall system test. 'This test, also 
"conducted in con junction wi th the implementation contractor-i demgri- 
stTiates that the system "pjays together" as designed. These tests show 
that i nterf aces have been properly confi gu red and, the system .performs 
as required. ' ^ rs, . ^ 

The fourth level of the. test progr^im provides an evaluation of the 
- f unctiipji ng of • the system, showing -its ability to meet those op^eV^i'tion- 
a\, goau| e'Stab-l.i shed in the f uncti onal requi r^fements statement ./ This 
,p*iase OT the :t'est and evaluation^ program will be-conducted under Phase 4 
of .the^ program. ItM'nclades analysis pf de^a acquired during, pjeceding 
Phases to document the solutions td the proolems and t-he -answers* to 
^questions posed at fhe, ou t^efof the program. Perf ormanc^-15f the sys- 
^tem in tlie operatio-nal envi ronment 'mus t be moni tored to ^evaluate the 
exte^t'by whi'Dh the system meets i ts obj ecti ves .V the test and evalua^ 
tion Phase should-yield a document, or -series of documents , suitable 
for puil^catibn ajid future use' by all who might benefit, from applying , 
*trunked system technologies to the;prbblems of their own .agertci es . 
Such^documentation should' include a descriptidri of the system' s ^perf or- . 
mance , ts techni cal operation , suggested operatio.nal procedures, and ^ * 
any other'topics that might be' of assi s^tari.ce to those^ agenci es who ' 
coul d- b^n^f i t f rom impl femenjtati on of the .concepts developed.. 

* • ^ »v ^ ^ ■ ' - . 

This evaluation phase is fo be -conducted after the system has beeji cut 
bver arid is. functioning in an operational environment: The data^coT- 
lected, as outlined in the test program, will* provid.e a factual basis 
^y^whi ch , the -performance of trunked sy<stefns c^n be compared with con-; 
veptional systems- This information woifld ,de^c<ribe average delay times 
<^s a function" of number of units per channel and .simi'lar factdrs that ^ 
arffect level of service. The numb.er of RF channels available fot> use ^ . 
would be varred during vafi ous' conJi iti o^s of opera^tiorjal J oading" and 
the^ffects on message delay measured. The -fi guresrecor^etj /woul d show 
average , amount bf^air time*vs. channel occupancy, and system and, com- 
ponent - r^el iabil ity.^, The information acquired during this evaluation 
wiil provide insi.g.ht into the- potentiaj- for erihanced bperati onail cap-r> 
ability of t^urike^ sy ?-tems , and constitutes an important' sou rce bf.^^^ 
relevant data upon which to base future spectrum manag^emervt decisions.- 



A_J:est.- and eva l uat i bn ^ p as out 1 yned mus t^^ a tech- 

nical fy competent groupV f ami ! i ar wi th the' t fu n ked ' s^^ 
also familiar with the operati onal needs of law enforcement agencies. 
This- group woul-d work under the spon.sorship of the government agency 
that provides overall direction of the program. The results of its 
work constitute the source data for'the fojlowing technology transfer 
program. * _ • 



T£CHNOLOGY TRANSFER ^ - 

Once^a demonstration* system has been »-impl emented and its test and evalu- 
ation completed, the remaining task of the program is to make the knowl- 
edge and experience gaine„d available to the entire community.. 

There' are* thr^e elements to such a task. \he first 1s to accumulate , 
the engineering and aperational data in a manner useful to the several 
levels of individuals involved in implementing s'uch .systems in their own 
communities.' -These levels include the ^xecuti ve personnel who make 
' deci si ons' that determine the a v : H abi 1 i ty of i mpl ementa ti on f und i ng , the 
operational personnel whose judgments determine functiona'V suitabi 1 i ty , 
and the engineferirvg personnel whose skills make 'possible, the design and 

operation of sue h.. sys,tems . 

' * * ■ ^ . ■ 

• 

The. second requ,^ rejnent of a technology transfer program i s publ i ci ty . " 
7.he *inf ormat i.on collected Will be of scant value if potential users are* 
unaware of its existence. A concerted effort should be "launched by in-, 
volved governnvent agencies to m^ke state and local officials aware of 
,tbe ^results obtained, from the program. This can be done by publ ication 
"in tbe ^trade press and participation in appropriate professional a.rrd 
government-related association conferences meet-i ngs and seminars. ^ 

The third e'lement^of a ^successful "techno! O-gy 'trans fer 'program i^s the 
a.vai 1 abi 1 i ty of those individuals whose part ici pat i,on in the program 
gave them experien<:e and knowledge that would be of • s igni f i cant value to 
other agencies contem^plating the i ns taVl a ti on- of trunked systems- of 
their* ovn. Such pecSple should be considered a valuable programr rel ated ^ 
ass^et; and their identity, lacati,on and aVa.i 1 abi 1 ity S|hould be provided 
to^pote'nti al system users.^ , ' • > 

SCHEDUL-E • ' . ^ ■ V . . ' 

thart' S.^l show's 4:he recomrnjended schedule for th'e , demons trati.i3n program. 
This s&tiedule asln^me^ the sequenti al ^ inipl ementati oa of each phase of , the 
project^ to fnsure continuity • of personnel and agency inv^pl vement : It 
also assumes t he'-aVai 1 abi 1 i ty of fundsf'<see |ectioJi 5.7) in tiine to . 
autharize/the tegin'ning of each step-of the program immediately follov/- 
ing the completion orf a preceding step. It "further assumes that activ- 
ities necessary to secure funds and, authorizations necessary for each 
phase of the program-are accomplished in conjunction with the preceding 
j)hasp. ~ * ' ' . > 

This schedule 'is in.tentionally. generalized. It depjcts only major 

phases',and 'tasks so as to present a view of the overall scope and dur- . 
ation of the demonstration project. ^ 

BUDGET % ' . " • , ' ;'■ - , ■ .A ' 

Th6 program budget l-s^l^ased upon the same assumptions, listed under 
Sectian 5:6. The budget presented further assu^nes the continuation? of 
"present-costV and a competitive- sourjce^; selecti on ^roces^f or hardware 
djevelopment,^ production and install at i on aad the part^ipation of 
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4^.Ls„ J".^ P re>e n t i ng._ t h e rap.d e 1 c.i ty , , a t n b_ cos t .t o tJi e p r o j ec t 

Costs of the program are divided between 'the federal government ar>d the 
model city. The division of costs is based, upon the assumption that 
those program costs reflated to development, evaluation and technology 
transfer are allocated .to the federal government. Those costs involved 
in-the production, installation, and acceptance of system hardware are 
to be borne^by the using community. 

Under this concept , the federal government will be responsible for 
Phase 1 and- Phase 2 of the -project . That portion of Phase 3 that in- 
cludes development and test ^f the mockup model is also a federal 
responsibil i^ty. Costs of har-dware 'production ; installation, cutover,- 
and training cd.sts ^are assigned to the'model city: Costs of Phase 4, 
Test and Evaluations and Phase 5, Technology Transfer, are shown as 
costs to the federal government- 

Phase 1, thieiTeasi bi 1 i ty 'Study , has been accomplished with' the sub- 
•m;_ssion of APCO's Project 16 repoVt^and, therefore, funds associated 

with this task are not shown. Since no date for the beginn^^ihg of each 
^ask can be reasonably assumed at^this time, cost schedules are related 

to the program time frame in* which the task is to be accompl i shed, not 

to *a specific fiscal, year. * / ^ 

'■ ■ ' ^ ^ 

The costs of equipment production- and installation ^re dependent upon* 
the size of the model city select&d, the number of mobile units to 5e 
used, a;id\th,e. ^number .i^J^RF channels to be used in the system. - 'por-^he 
purpose of th'is budget, a -system*^ empl oyi ng 300 mobile units and six RF 
channels will be assumed, ' - 



'1 


Lflui 


K " MONTHS ^ • n 


1 


9 . 9 














1 

1 




















1 
1 




'..-.J 1:..: 










1 r'^ 


















1 


[AS 


• 

(I 




1 

1 






1 ; 


1 










"'1 


"*T— 

i 


...j_..LU 
1 ' 


1 " i 




1 


■ 'I , 






















ifea 


Sibil 


ity '^tiK 


y " 


1 i" ■ 










T ! 


. 1 


i 1 

1 ' ; 






— r 
















> - 


1 


AS 


: III 


1 1 ! 

; ! i 






■ 








1 : ; 










-1 

! ^ 




































■ 1 i .1 




U-, 


1 ■ I 


— ^ — ' — ^ — 

1 , j 

' \ \ ■ 
































ticn 




qui 


■ ! I 

reiientis i 


■■ 




5 






■ 1 
j 


!■ 

! 

, 1 




r 

1 


























f 

\ 








« 




■1 

1 








— 1 








1 

• i , . 






■ 


i. !: ■; • 










r 


r— 












T 




: ! 


II 


t 

— \— 






' p. i 










— ( 

! 

. 1 1 


1 
1 






I 




i; 






1 




















F 




ur^ieflt Proc 


: ^ ! > 


# 


— 1 

1 








1" 
■ 1 








i; 




















1- 






jftocl 




— \ , 


: 

k,^, .4 


— ^ ■■ ' -L. 




1 1 
t I 

1 1 . 


- — f 




1 


: 








j 






, i' 


/ 






• 




-Lu- 


1, ■ ( 




— t 






1 i 


1 














1 

* 1 i» 












■'! F 




uctlion i 




1 












— 


















■i m 


aliationi - 










( 1 ' 

■ \ ' 


» 




! 


.J 


— r 

1 






















I 

-to 








1 


: j ; 
i ' 


J 

1 


■ i 

f ■ r 


■ 




/■I 














r 




1 


1 

— ^ 




i. < i- i 

— 1 I — 1 1 




T 1 : 
1 

1 ; 


1 

1 1 




1 / 














H 


■ T 




1 


1 




i 

1 , 


1 


' •! 


i 


! y 




i 
1 














i 

— 1 


iyst 


em'Te 






i 






1 


^1 . t 


K 


T 1 


1 

/ 


/ ! ;: 


"ZITr 










1 


Eval 

' ■ — f — 


uatiio 


1 

li ! 


'{ 


' ^ ' t 

) 








j 1 






• 








' 1 • 

! 1 
1 t • — 


•' 1 : .| 

u. 


1 ■ , 


t 




. * " 




-■ 






— 1 — 


1 " 1 


1 






1 






— — ^ — 


— 1 


" ' ' 1 . 

' , ■ " 1 

X - ; 


* 0^ 




r 

1 

« 1 






• 










nolloqy Trans^ 


fer 


. 1— — .. 




■ 1 


i '■ i 






I 1 
1 1 
1 1 












1 


— [ 




! 


. ! . 
J -J .- 




1 
1 






; 


r . ■] 




' 1 i ■ 

1 ■ ■; ! 1 : 


1 . 1 
1 1 
1 * 1 


1 


L 


1 
i 














'i 

— U- — 




i' t.. ;■ ' . 1 


1 

■ 1 • 1 
.. ..f , ... , 




i >r 


- • ""7 




^ ^ 

j ; 
J _L 




1 


V , 

i 


■ 




i. ! 










1 




t 

1 






t 

— 










;\ 




i 








! 






; 








. 1 




1 

• 1 


i • 












1. ■ 

— — i. .... 

i % * 
^ 1 . 


— i ihL 

* ) 


1 


• . /I 

• / ; 

■ 

7 ! 

i * 




] 














y ■ 1 , i ■ , : ' 




.4/' 1 













^03 



'CHART 5,1 - PROM SCREDOLE ■ 



Time 
Period 



•1st year 



2nd year 



3rd year 



4th year 




BUDGEMjjHEDULE 



Task 



'Federal ' 
Funding - Local 
( Discretionary ) ' Funding ' 



V 



PHASE I 



Feasibility Study ' • 

PilijSEII 

Model City Selection 
Operational. Data Acquisition . 
Functional .Requirements 

PHASE III 

Procurement Activity and, Monitoring' 
Produce flock-up and Jest . 



COMPLETE 



$ 150,C 



V 



Production, Installation Phase '. 

^ '315 mobile. units (5^spa^ej « ' 
^ '6 fiF Channels and- Control Unit * 

Y Installation, Cut-over, Training and instruction manuals, 
> Program Monitor, Test and Checkout, Documentation 



200,000 
275,000' 



PHiiSEIV 

5th year ^—•^ Test and Evaluation 



6th year 



PHASE V 



Technology Transfer 
(Printing and Travel) 



n5,ooo 

150,000 



25, 



1 
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APPENDIX I 



COMMENTS OF ASSOCIATED PUBLIC'-SAFETY COMMUNICATIONS OFFICE^S^ INC-CaPCO) 



If 



MATTER OF 



INQUIRY INTO THE PRAl^YlCES AND 
PROCEDURES FOR SPECTRUM MANAGEMENT 



IN THE LAND MOBILE SERVI CES. GOVERNED- 
BY PARTS 89^ 91 AI^D 93 OF THE COMMISSION'S RULES 



DOCKET NO. 21229 



(1 



(exhibits omitted) 



r 



ERIC 



1 ' ^ 



. • ' / - •• • ■ • , 

— - - r BEFORE THE - - - 

Federal Communications Commission 

WASHINGTON, D. C. 20554 



In the Matter of . ) * * , 

Inquiry into the Practices -and * . ) 

Procedures for Spectrum Management ) 

in the Land Mobile Services Governed ) . Docket No. 21229 

by Parts 89 , 91 and 93 of tli^ Com- ) 

mission's Rules. >. 



Comments of Associated 
Public-Safety Communications 
. Officers/ Inc, (APCO)^ ^ - ^ 

^ ' I, ^ 

V The Associated Public-Safety Communications Officers, 

Inc. (APCO) , by its attorneys, subirtits the following vcoraments . 
m response to the Commisjsion ' s' Notice of Inquiry herein.- 

^ Inttoduction to APCO and 

^ Tts Spectrum Management Activities ^ . 

/ • - ' ' ^ - ' 

APCO is well Icnxwn to the Commission as the nation's* 

oldest public^ safety radio organization." Through its thi-rty 

active chapters and 3100 members, APCO has been a major force 

<iln public safety coinmunicatio;is for the past forty years. AP<^0 

members are drawn, f rem poli'ce, , f ire, local governmen't, highway 



maintenance, emergency and \f orestry conservation agencieis; and 
many members have worked as volunteer frequency coordinators for 



1/ Notice of Inquiry y Docket No. 21229, FCC 77-287, released 
May 17, 1977' thereinafter cited as ''Notice") . > . 
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>\ ; -2- . :r ••■ 'V ■ -y.^' . .,• 

vaVious public safety raiciio services. "The association has,, ^ >^ 
. participated in. lengthy and thorough invent igatibn&^f ' nujnerous; 
public safety Vadio topics including frequency coor^oji^^tio - 
implementation of statewide public safety telecommunications' - 

planning. . . ; * , • / • 

' Through its activities' in support of effective public 
safety radi^ systems, APCO has. taken the' lead in fecognizjLng and 

"^adapting to changes in the functions, and technical capabilities 
of public safety radio systems. APCO supported the introduction 
of, digital technology, for example, as a means of -performing 
tasks like vehicle 'monitoring and telemetering j?f emergency medical 
data. APCO has encoiaraged the trend, toward integrated public 
safety radio systems Vhich combine police, fire, ambulance/ and 
•emergencir services 5.nto planned and coordinated systems necessary 
to meet. their puSl^c responsibilities for saving lives and property. 

^S'ihally APCO and its chapters have served as one of the official 
freouency coordinaitbrs for pviblic safety applicants in ^ the 470- 
512 MHz band as well as in lower bands. - 



1/ APCeP* s Frequency Coordination Manual (Project 5) and the 
~ recent 'investigation of statewide telecommunications planning 
(Project 13' cind^:i3a) funded by the Law Enforcement Assistance 
Administration are particularly applicable to the Commission's 
endeavors. An -earlier manual of Ptiblic Safety •Standard Opera- 
ting Procedurets (Project 3) is alsb pertinent to this inquiry 
and will be referred to at various points. A list and brief 
description of APCO's 16 projects and studies in the piablic 
safety communication field- are included as Exhibit II. . • , 

2/ see. Land Mobile - UHF TV Sharing ^ 30 F.e.C.2d 221,. 232; 
5T"F.C.C.2d 371 (l9ll) , ■ 



. o ■ ■ ■ . V 
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The Coituni'ssionVs Notice ;.geq'uests comnnents on matters- • 

A at the heart of APCO'.s ongoing activities. The Notice , announces 

.a. new regime irf land mobile spectrum management to comprised 

of a nationwide 4ata base -of land mobile systems , standardized 

/frequency cpordination procedures followed by. private (non-FCC) 

groups/ and . monitoring of land mobile tfansmissioir -^o cheirt 

channel utilizaition. (paragraph>*l) . Much of the amalysis in the -'^ 

, Notice is. drawn from the Commission's experience "with the Chicago 

Regional Spectrum 'Management task force which attempted a cenrj 

tralized and computerized approach to frequency assignments and 

spectrum management. The Commission has determined to carry 

t 

- \ 

over the concept of .a computerized data base and channel monitoring 
from the Chicago plan, while turning to private frequency coor* 
dinators for the bulk of the work in advising applicants and re- 

commending frequencies, (paragraph 21) ♦ Comments were requested 

• * - ■ *- 

on ^ach element of *-Jie plan, particularly the organization of ^ 
the data ^base and the format for channel moni£or^in^ and use of 
channel occupancy data, (paragraphs 20, 34). Standards and guide- 
lines for frequency coordxna tors ate to be promulgated by means 
of a '^rulemaking procee<iing devot^ to .that topic (paragraph 22). 

The Commissxon's plan for spectrxim management is ambi- 
tious and' far-reaching; it calls for serious and thojaghtful 
efforts ori the part of§the Safety and Special Radio Services Bureau 
and tlie lamd mobile" coimnunity. - To respond to the proposals and 



•fcopies se.t' fdrthTin the Notice , APCp hSs assembled a special 
tasic .force made up of, meml3(|ir s - with experience in spec.1:.rum raanage- 
ment and- frequency coordination matteifs. .The task fqrce includes 
repreeentatives of all ge-Qgraphic regions of the ' country and of 
state ' and local ^public safety- organizations . Some members were 
active in ^he Chicago^ area regional spectrtim iffanagement experiment 
from which. jnuch of the data and proposals m the. Notice were- ^ra-wn 
The comments presented by APCO reflect the - collective judgments - 
of the task force, the officers and the National Office-, mad^e 
aftei^ extensive stud/^and debate. ^ . ' - ; 

' . ■ \ . . ■ . ■ - • . ■ ■ ■■- 



* 7> 



Slimmary of Comments 



-The Commission- has requested comments on^ three distinct 
bxxt related nhases of an overall spectmom man^gtgement j^ogram: 
the organization and use of an data base? a system df pri-' 

vate frequency coordination; and a program of monitoring actual 
spectrum usage. For convenience, APCO will direct its coiTi^nts 

■ • ■ ■ ' ■ ■■ '/]■ - ^ 

to each of these elements m tuxn. c 

^; The FCC Data , Base can: -be analyzed in. terms ^ of its r 

three primary elements: Ja)^ what infcfrmation belongs in the ,data ^ 
base? b) how to. acquire and accurately maintain the needed data? 
and c) how and to whom should the information be made available? 
The Commission has made excellent progress in developing a number 



^of ej.eriienks • for itSvdata base^ ■ and it -Jias recognizea that the 
pi|^ary responsibility for building and operating 'tflie data base 
r"e^^vwit^h the FCC alone. APCO has -.made; <2ertain -su^ 
regarding the l,ist of data items develbp^bdVby the Commission 



^^ich /are 



< 



attached as Exhibit 1. l^' 



ssion ' s ' list * v 



^ > . ' At the same ti me , w e feel that .the Comm \< 

^ ^ ' ^ ■ ' . ^ !■ i v' ■ .. 

Qf data items fails to come to grips with thie basic [issues of 



deriving meaningful channel loading criteria^ and incorporating ; * 

the data that determines compliance with that criteria in the ^ 

- ■ ■ ■ ■ ■ ' 

data base. That is, determination of the constituent elements. 

of channel loading criteria is basic to any rational deoisiohs'^ 
regarding spectrum management^ and this determination cannot ' 
rest on number of mobiles alone. The monitoring data, acquired' 
by the Spectrum Management. T^k Force /(SMTP) and set out in 
Apperidi^B * shows the. lack of correiation between numbers of . 
veh£<fles. assigned per channel" and : channel occupancy in terms ©"f 
air time". Further, neither Qf these: factors describes c-haniiel' ' 
utilization in , the .context of how that utilization per-tains to 
the ability of public safety systems'^^ to meet their responsibilities 
in the public "interest, convenience, or necessity . " Until measure- 
merit of channel utilization in relation to needs is established, 

de<;i^^ions regarding^ channel assigiiments must be arbitrary- and . • 

■" . ■ ■ . ■ *■ • ' '\ ■ I , ' . ■ ' ' ' " 

'devoted "^to"^ the^'^'mia^ima of preventing interference between 

channel users rather than struct u^ring a spectrum management program, 
that ,accoxints for . the wide range^/ of pilBlic safety responsibilities • 



I 



* V . ^ In the absence of comprehensive criteria 'relating* 
/chaimel usage* to the licensee's -needs, then the level of ' ser- ^ 

'viSeif i^e.r the waiting' time or probability of delay that is 

* ■ ...■**'■* 
acceptable to* each channel user, should be the criteria^ l3y which 

/ ' " ^ ■ -■ . . . 

the xjg^xiinuin' or optimal channel loading can be^ measured. Nx^mbers 

- ' ' ' . ' • ^ ■ -ir . , 

of vehicles- per channel is only one < factor that determines- the 
level of Service that can*, be expected^ ' /Average message Ijength, ^ 
message handling, time, .and frecjuency of messages per xinit bear 
^iist as heavily upon , channel availability, as does the number of 
vehicles assigned ta the channel. Since ;.t he se considerations • 
sire- f xindamental to channel usage and critical to' frequency assign- 
ments and chanAel sharing cohc^t^s, this information or ,its 
algorithm should- be defied -for each service .and^ incorporated 
into the "data base. ^ ' 

In sum, . APCp believes the Coinmissi<:^" should . employ 
tools that ^measTore channel loading in termS of 'the licensee* s 
service needs and activities , and ijicorpcrateMi^e- appropriate " 
data items in the data base..^ Additionally^ . prpcediires to validate, 
data base information periodically need to be adopted. 

Oncei the structure of a data base has been established, 
the -next problem is to develop the machinery and prpcedxares.: • 
needed to acquire and maintain such data with the degree of accu- 
racy required. It is APGO's position that the acquisition and 



1/ ' See , , APCO^s An Introduction to the Theory of Waiting Times , 
Thomas Church and Jams Church, December 15, 1973 . • This 
•study contains information needed for a mathematical calcu- 
lation of waiting times for a public safety system. ' 



maintenance • of. svfch a., data base 4s cleatly-' the' responsiTaility - 
of the Commission, since only the. Commission has the aCithori-£V 
through its liqensing procedures to insist^ that such data be 
provided .by the users of the spec trxjm and to apply sanctions to 
those who fail to comply. Once the dat^ is collected, the 



/ 



r organization and storage of such data is| a purely mechanical 

• ■■ ■ • ■ A ' 

q function that can be accomplished by .sy steins developed by the^ 
FCC or by a private data processing organiza^tion under contract 
to the Commission. . 

Final^ly, the <iata base must be made available to 
those most needing it. As long as the Commission must depend 
upon others to fulfill its responsibility by coordinating fre-- 
quency selections, the Coimnission has the" duty to support those 
coordinators with' the tpo'ls they heed. Since public safety 
coordinators serve the Commission on a voluntary basis/ the 

- ■ - V ' ■ ^ ■ ^ 

Commission mus£ assume the responsibility of providing them^^the 
means of access to its data at virtually no cost. A toll free 
ntimber by which a coordinator c^an obtain immediate access to the 
data base may be adequate in many cashes ."^ In others, a terminal- 
' accessing the data base at the ^coordinator ' s locartion" may be 

• "i ■ 

" appropriate* Zp. all cases, updated printouts 'of licensees and 



activities in the pertinent areas should be provided to each 



coordinator on a periodic basis. 
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, ^ . ' 'gqrning to frequency vcoorditiat i on ; APCO has long 
marrrUiained that the responsi^il-ity- for f re<fiuen*cy%cas3igninent and 
specttum management- rests with the Commission • Under pr^a^ent 
and foreseeable levels of Commission resourcesr however, APCO 
wholeheartedly concurs with the Commission's recognition of the 
role that must be played by volunteer service coordinators. ^j^ ' 
APCO wJUll continue to participate, in such a program and support 
the CdqunissiOn to the limit of APCO's abilities ^ Should' the 
CqiftunissionNleterinine that it is in its best intere'sts to develop 
a single point of contact for public safety ' coordination, APCO 
is willing to provide such a service on a^ repr.eisentative basif . !^ 

-The role .of coordinator j.s of such magnitude in spec- 
trvim management that plans and^olictes associated therewith 
must be based on a realistic evalua'tion of current resources. 

When the nationwide data base attains the necessary accuracy and 

I-.*. I ^ ■■ ■ 

cbmpleteriessy coordination policies can be based upon the exist- 
ence of such data. However, until such aydata base becomes 
available, the coordinatioi^^ function and procedures should rely 
on the informratidn that now exists and the pti^^.nt workable systi 
We also suggest that ainy- program oi coordination should /£ncor- 



porate: the dev;elopment of guidelineis that defi'ne the^^rjesponsi- 
bill ties fox 'an^i standards of all coordination performed under • 
the auspices rbf the Commission, so that the Commission's •'audit** 
function can be fairly performed. 

■ — ^ — \ — ^ ' A. '^'^ 

' ■ , ' • r ■ • • .. ^ 

^/ •V Guidelines^ for coordination procodures should be prepared 

qroiip!> in conjunction ^wiVh^thfc Commission staff . 
5^,.:' A^O of fers its fullest support to the Commission in the " • . 
^ aov^i:<Si>[nont ^of such standards and guidelines. ^ ■ 

-ERjc"' - : '■■'H, 115; - • " 



•\ - f 



.Fiha;Lly, 'n:he Cprainislsiofivis awdre of. APCO ' s belief . 



X 



^that- 'tfie- development of- statewide ^ , municipal^ and ^regional 
* planjj-ing for . pxiblic safety systems , is. beneficial to both the 
taxpayer and the CQnnaissidn/ ' ^uch systems enhajice ' the ope^ra- 
tional capability- that public safety agencies can. provide from 
a giv^ levels of resources , and, when conceived with sufficient 
consideration of spectrum, consei;vation/needs, work toward the^. ' 
Commission's stated objective^ of increased efficiency in spectrum 
utilization. The Commission -s present procedures fail to accom- ^ 

modate the spectrum "planning and long term iinplementation schedule 

^ -/ ■ - ' ■ r:*'' "v" \ ■' 

'Often associated with such systems, and this deficiency should 

be corc^ected by the development of ^procedures a^d criteria for 

• .1 . . - ■ . y 

pproval and implementation of public safety plans. 



^ In terms of the Commission's spectrum monitoring pro— 
gram , A^CO supports the Commission's determination to imprc^ve its 
spectrum. management data and has suggested parameters for ^nea— 
suring public safety radio needs and uses. To the extent that 
the Commission considers its present, .limited capability for 



spectrum monitoring within localized are^s ^ of cost effective 
assistance to its accomplishment of its spectrtim management ' 
responsibility, we support the Commission's dec.ision. We do not; 



\J See , Notice of Proposed Ruleirtaking , Docket No. 21350, ' \ 
FCC-77-523. ^August 30, 1977, at para. 5. " ' 

2/ See' also , APCO's Qomments in response to the Notice of Pro- 
posed Rulemaking , Docket No. 21350, filed October 7/ 1977. 
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; hbweyerSf^.f ejg3^ ''that tool of^ such limits applicability should 

be .considered fed be ar panacea;* proper spectrum management jnust 
be based upon the>^Cpmmission' s commitment of. adequate resources, 
cbtttinouslyA^ailable,^ on a nationwide basis. For the interim* 
period, rt should be no.ted that .valuablec^hannel utilization- 
data >can be" obtained 1^rom the licensees by requiring relatively 
inexpensive and unsophisticated monitOI^ing devices , entries in 



station logs,^^annel .recorders, an<|: other steps. 



\ 



V 



11 
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D±sc\3.ssion 



An AcSctliirate iLnd Access±l:>Xe Data 
is Essential to Any ^iLong Tearm S^iectrxm 

^ In disctassing tJne aContmxssion ' s c 



Xong— term ^ctigme f2reG[iaeiicy assigriments 

merit in ttte lanci" mobile ^ervices ^ one p>oir 
directly 'anci on a tlxrestiolca level An ef i 
ment E>lan is ozritica^ly <iepencient on an ac 



<aata base org-anizeca and maintained h>y ttie 
tiie inf onoation on wtiicti sg>ect3r\im decisjLor 
ottier party is in a position to compile ar 
tiensive cSTata base becaiase no one bxat tiae 2 
ment of all f xrecgriaendes ^ l icensing and rer 



ttie. enforcement of technical^ standards. I> 
axitliority to establish standards and" to iit 
non-compliance. TInxxs it is readily a^^are 
holds the Icey to /the success .of its- spectx 

the es tatblishment and/ maintenance of an ac 

. ■ ■ 

and accessible data base. 

The xatility of the data^ base in 
rmder current -spectrxim management policies 
accxirate information as/ to the preseant occ 
tlie tectinioaX a.rx<^ op>e2ra-tion3.X ctxaaracteri-s-t 

tern of a.ss±9zijnen't.s o& f arecjiienoies to ea-cln. 
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local frequency coordinatoj-s^ and the ,FCC Staff could keep 

^ . ^ ' ) 

fairly -simple ..records of channel assignments and occupancy. 
Major additional complexities eurose, however/ when the Concepts 

of pools of kindred services and mandatory channel loading 

■ ' . ■ * ■ 

>Standards in terms of mobile units were introdiiced in Docket 

1/ . . ' 

No. 18261. For assignments from the General Access Pool and 

2/ 

the 900 MHz channels, the frequency coordinator is presently 
totally dependent upon the FCC for information as^to which chamnels 
have, been assigned .to the various services and licensees. " The 
FCC responsibility for d^Qto-day coordination and frequency 
selections has grown proportionately. / . ^ 



■ . 

1/ The Commission determined to assign frequencies by service 
pools rather than individual services in its decision to 
allow sharing of certain UHF-tv assignments. The frequency 
c«pbrdination systems in the lower bands adapted to the ser- 
vice pool concept by expanding the services performed by 
major coordinating groups'. Land Mobile - UHF-TV Sharing , 
27 F.C.C.2d 371, 30 F.C.C.2d 232 (1971) . ' ~ ' , 

2/ In "Docket No,. 20909, the FCC determined to place all Re- 
maining unassigned channels in the UHF-TV ^shared band, 
470-512 MHz, into one Ger\eral Access Pool ''rather than leaving 
unassigned channels in th^ service pools. Report and O rder, 

FCC 77-226, April 18, 1977, The channels allocated at ' 

900 MHz were placed in a single pool at the outset, with the 
, FCC staff making all assignments. " Second R eport and Order, 
46 F.C.C.2d 752 (1974). ' . — — ^ « 

3/ In order to improve "900 MHz frequency assignments , some fre- 
quency coordinators have petitioned the FCC to allow private 
coordination in 900 MHz frequency selections by assigning 
coordinators certain -starting points in the channel pool . 
See, RM 2908, Comments filed July 20, 1977. For the General^ 
Access Poolrj^ frequency coordinators are advised by the FCC \ 
when a ^channel h^s. been assigned to their services, . and 
coordination work starts anew from the channels assigned. 



. -13- . . . ^. . 

When the problems of , increasing size and complexity - 
of public safety systems are^ 'added to those of pooling channels 
and mandatory Channel loading stcindards/ the. information, required 
by the frequency coordinator and the FC^^ecomes more cobplicated 
With inter-service, co-channel, and adjacent channel sharing^/ 
information is needed on the types of systems operated by each 
licensee, including: the antenna height and power of the Systems 
. the functions performed by each system; the number of mobile or 
portable units involved; the location and antenna characteristics 
of remote receivers; the type and freque/icy of to^e control^ de- 
vices employed; and any other unique aspects of each system. 
Those factors that affect channel availability, such as message 

.V 4 

length, messages per xinit and niomber of units per channel, are 
some of the additional topics that must be considered in makings 
channel usage decisions* A computerized data base offers the 
best mechanism for keeping accurate and accessible records of 
existing and proposed systems and their characteristics. The 
Commission is to be commended for moving toward the goal of a 
data -base in which this vital information is .coded, indexed, and' 
stored for easy retrieval on a t-imely, inexpensive basis. ^ 

A. Item^ of Information Needed .in 
the Sata Base. ' 

Turning to the specific items of information to be 
included^in thei data base, a hximber of items should be added to 
the list for the new application form in Appendix A. These items 
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range from the telephdne numbe? o'f the applicant_to_Jihe_antenna 
pattern for. any remote reQeivers. For the Commission's cdnr- " 
venience, APCO's suggestions have 6een added to the format in 

Appendix A, and a revised list is attached to these Comments 

t* 

as Exhibit I. Most of the- suggestions a'se serf-explanatory, 

but a few- items will be emphasized briefly here. 

' . ■ . ^ " . . -■ 

In- the section "Nature of Proposed Modification (Item 5) 

' ^. ' ■ 

the list of technical characteristics should be revised to 

state (A) " change in -power" and^ (E) " change in antenna height, 
gain or directivity" instead of "increa^ses" in those factors. 
The assignment of channels may be. affected by a reduction or 
other change in power, antenna. height , gain and directivi1^y7^ 
as well as by an ^.ncrease therein-, and information on any changes 
will be needed by the frequency coordinator. Other useful in- 
formation includes an incremental estimate of mobile units 
(Item 6 II) and the number of portable-mobile units as a class " 
of mobile units. •' ■ ^ 

In technical data (Item 8) , a category should be added 
for Coded Tone Squelch frequencies or systems, since the use and 
characteristics of these systems have a s_ighificant impact on 
adjacent and co-channel compatibility. Other items should ^ 
added to cover the antenna pat tern and direction, the antenna's, 
center radiation point , and the antenna pattern of any remote 
receivers, since such characteristics affect the potential for 
interference to and from the system. :i *• 



. ^ The above . suggestions tq Appendix A of the Notice 

are essentially minor in nature; APCQ's ma^or recommendation 
is ^hat the Comnfission develop accurate and meaningful cr^iteria - 
for measuring channel loading and that this data be incorporated 
'in the data. base. In the public safety area, channel- loading 
C2^teria in terms of numbers of mobile unit's or portables, per 
channel are inadequate to describe the actual usefulness of the-' 
channel in meeting public safety responsibilities/ Factors 
that^ affect waiting time before access to the radio system, 
- such as average mes,sage "length/ message handling time, and £re- 
^quency of messages are crucial determin^n;ts of whether a public 
.safety radio system provides the support, required -by public 
safety personnel. In many cases, for example,^ as lengthy w^^iting ^ 
period ^^r^ocess to the system can mean the difference between 
: life and' death for police officers, victims of- crime and Sire 
disasters, and others involved in emergency situations. The 
other named parameters of service have /similar impacts on the 
actual functioning of public safety systems to meet their 
, responsibilities. - ' ^ , . 

APCO recognizes that 'a loading^^criteria based , on ' the 
number of mobile units is siitiplfer and easier to administer- tHan 
parameters that determine waiting time, such as message length, , 
frequency of messages and the like; but the simplicity of • the 
present criteria, should outweigh their severe drawbacks in accuracy. 
The Commission must -devise a more accurate and- sophisticated 

/ 



^ 



1/ See , APCO, An Introduction to , the Theory of IV t iting Times /. 
^ Thomas Church and Janxs Church. December IS^ 1973'. . 
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"measure of channel occup^cy for public safety systems based 
•4' ' ' ■ ■ ■-.■■„ - ' . • 

on the role they play in public -safety operations. Numerous " 

studies have been made of police and other radio systems," 

and these resources are available to help the Cc:nmission in 

determining adequate channel loading criteria. Without this' 

effort, however, the Commission's data base will not reflect 

public safety needs. 

.' ■ ■ ' . ' ' .■•••''■.■•* 

B. . Access.. €b the Data B ase. 

Access to the data base may depend in large part on 
the scheme of frequency coordination which the Coinmission adopts, 

' - _ 

as the frequency ; coordinators and .the FCC Staff are seen as 
the primary users of data base . Nonettieless , a ntunber :©f_general 
observations can be- madia regarding the kind of access needed by 
any network of coordinators. First, some coordinators may need 
on-line access to the data base by means of a toll-free -telephone 
network/, or from low-cost terminals connected to a telex or TWX 
network. Such instant access to valid data, may be a necessity 
in some areas" to provide accurate, current information .when the 
frequency coordination work load is heavy. Since the coordinators 
are performing a job that is essentiallj^ the FCC's7^ moreover, pro- 
vision of the tools they need should 'be an FGC responsibility. 

1/ APCO's Project 3 was one study of police radio operation. 
The summary portions of the Project 3 Report (Phase One) 
are attached as Exhibit IV. ; 



Second, coordinators should be sent periodic printouts - 
or microfiche of ail pending and recently granted applications in 
their geographic service areas; alternatively, copies of all licenses, 
modifications, and renewals should be sent to the applicable coor- 
dinator. It is recommended that the printouts be monthly so tha4: 
the reports will have sufficient cxirrency to be useful. / - . 

Third, retrieval access to the data base should'^be possible 
by any interested paxty including engineering firms, equipment vendors 
and licensees, upon payment of " appropriate fees if necessaory- 

As for modes of retrieval, the list of primary search 
key parauneters in Appendix A (p. 10) is adequate for frequency ^ 
coordination work. APCO's prior experience indicates that the : 
licensee ' s legal name , service , call • sign , frequency ^d geographic 
area are the most useful parameters/ and these ^files should be 
c^oss-indexed with each other to assure easy reference. Information 
under theses ear ch keys should be available by geographic areas, > 
including mu^fcLstate or intrastate'" areas as appropriate. ' 



1/ The frequency coordinator in Connecticut, for example, may 
" need information on systems in Rhode Island, Massachusetts, 
New York, New Jersey, and Pennsylvania; while the coordinator 
in Los Angeles may need only -Southern California data. .An 
indeix of geographic areas for which data can be retrieved 
would be heilpful. 



II. Frequency Coordination Procediires ' in 

the Interval Until the FCC Data Base 

• is Implemented. • ' \ . 

" ■ . . . 

. J ' ' ' ■ < 

■ V . ■ 

As the Commissibn is well aware, APCO's basic position 
is that, in concept, frequency cooiJdination is the responsibility 
and burden of the Commission as a necessary step in meeting the 
pxorpose for which it was created.. However, unless* and until the 
Commission is equipped to do the job properly and effectively, APCO 
will continue to be a strong supporter, of frequency coordination 
performed by volunteers from the various radio s'ervices and has - 

committed major efforts to that ^nd. APCQ members taJce part in, 

■ ' - ' ' ' ■' . ■ ■ 

local frequency .coordittiation advisory committees for public safety 

radio applications ir/ijiany parts of the, country. As part of its 

emphasijs ,on regional communica-tions/planning^ moreover ^ APCO has 

stressed, the ^ role of frequency coordination in assuring effective 

use of ^^reguency assignments. * 

« - • ' 

• . • ■ \ ^ . . 



._. .1 _ : : \ , .. 

Under present conditions, the Commission' s decision A^o 
rely on volxintary frequency coordination "efforts, rather than 
analyze all frequency questions by the Commission in Washingtpn, 
meets/witl* f xrip" =ipprovar from APCO. At the same time,, the fact 
that the volunteer coordinator is taking on a part of the Commission's 

■ y . ' - ' ' ' ■ 

burden should be recognized. Such volunteers must look to the Comr-. 
mission for support. As noted 'earlier the eS^lishmeht of a proper 
data base with provision for means of access borne by the Commission 
is one way in which such support can be ^provided. 

A. Organization of a Frequency Coordination - 
System. - - 

In discussing frequency coordination 'systeras, certain ^ / 
fundamental defintions and ground rules should be agreed upon. by 
the commission and private parties. APCa's experience with frequency 
coordination, activities performed by area coordinators or. committees 
of ' affected' users has been favorable and successful. APCO proposes 
the following definitions and criteria as descriptive of those seeking 

to assume the critical role of /a designated single point coordinating 

<■ « ' ' ■ 

/ . ■ ^ ' ' ■ ■ ■ " 

orgciniz^ationi: . ^. . , ' 



(1) Designated Coordihating O rcranization: . .. 

Defi nitions - A national organization of radio spectrum users ^ 
. that is authorized by the FCC to provide coordina- 

tion services on. a -national basis to license appli- 

■ cants in designated user services. _ • v ' . 
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Purpose ; 



, Elemejits; 



( 2 ) Coordinator : 



Definition: 



Purpose ; 



Elements; 



To provide uniform. administr and super-^ 

yisory support to its selected coordinators 

on a single point of interface between such 
coordinators and the FCC* 

1) An established organization having a 

^ national distribution of radio service 

user members. 
' ' ■• • * ' . 

2) A permanent national office employing a 
permanent staffs 

3) A governing mechanism, responsive to the - 
membership and authorized to exercise 
supervisory jurisdiction over the' spectrum 
management related activities, of its memr 
bership-. ^ ' . ' 



A member of a Designated Coordinatiag Organization ^. 
authorized to accomplish a coordination function 
for specified land mobile radio service (s) in a 

specified geographic area. 

. ■ . . •* ■ 

To prdvide .coordination service to appropriate 
radio frequency . license applicants in a designated 
area. ^ 



1) 



2) 



Authorized by the Designated Coordinating 
Oi^ganization . 

Resident of or employed in the geographical 
area in' which he acts* 



3) . Complies with established standards and pro- 
cedure?.. 



(3) • Coordinating Committee : 



Definition ; 

Purpose ; 
Elements: 
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A committee of ^ coordinators authorized to cbor- 
dinite for specified- user services in a designated 
geographical area. . 

To assure maxiinum utilization of hhe .;rf spectrum 
by spectrtHn management decisions of the committee. 

1) - Comprised of authorized coordinators. 

2) - Membership includes those, directly affected 

by ^pectrxam management, decisions of th° com- 
mittee'.'^ 
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(4) 



(5) 



Coordination 
Definition ; 

Purpose :. 



An approved procedure for processing requests 
for radio ^frequency recoiniaendations • ^ 

To achieve and maintain an optimum level of 
compatible communications systems in a given 
geographical area. . ^ 

Elements : 1) Advisory in nature. 

: 2) Provided by authorized individual (s) . 

Advisory Procedure : - . 



Definition : 

Purpose : 
Elements:. 



The process of making recommendations on technical/ 
administrative'^ and regulatory matters • affecting 
utilization of ^he radio frequency^ spectrum. 

To assxire that maximum operational benefit is 
derived from use of the spect^rum available. 

1) Reflects local geographic aiid system rel^tfed 
- requirements . 



2) Accomplished prior or subseqxrent to issuemce 
of a license. 



(6) Coordinatibn Plan : 



Definition : A document^ , approved by the. FCC > that defines' 
. ; ■. .. the procedxxr es by whiiC^ the coordination function 
; will be accomplished. * ^ j . : * 



Purpose : 



Elements: 



To define responsibilities/ authorities , pfocdaures 
and practices associated' with the coordinatioiL|^ 
cess for the -benefit of those affected by specti^om 
.management decisions. • 

■■■->•'* _ - .... . : . 

1) A formal publication of a Designated. Coordina- , 
ting Organization. 

2) Approved by the FCC. > 

3) Available to license applicants amd users of 
the spectrum. , ■. - 
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4 . . . , 

„An__ organization ?_^.!r^A59 i*^?. ^^.'^.CP^^ ^.^ '^^P.^S?^^ ^99^^%T^J^'^^^^. PJ^^^^ 

zafcion should submit, a plan for FCC approval that - '^efcs the above 

definitions and covers: 

\) Elggibility r - 

' A) Name of organization 

- ' B) List of its current of f icers - 

C) Address of its priJicipal business' office' 

D) Aims and objectives^ and geographic . scope as 
" . . documented by .a copy of its by-laws . 

E) Identification of its served raddto services 
as ^specified by its by-laws membership quali- 
fica^tions ' 

2) Ability ; • 
a) Resources administrative : 

(1) Nximber of paid employees, job descriptions 

(2) - Background and expe^rience . ' 

(3) Office space and equipment 
% .(4) Legal services 

B.) ' Resources; member shj-p : ^ 

^ . . (1) Number of -members by membership category ., 

. (2) Number of members by radio service 

- (3) Geographic distribution of members (chapters, 

> _ \- ^ ' . '^fco.).'.. ■' ' ■; ■■v^;.^^- 

^ ■ ■ - - (4) TypicaX job responsibilities of members 

(5) List of current coordinators/ job titles, etc*. 

. C) Resources; financial ; ^ . 

(1) Copy of last annual fiscal report 

(2) Copy of current budget 

(3) , Indication of 'change, if any, caused by pro--.' 
\: .. posed coordination procedure 

7 3)* Activity: V. . \ .. . ; ; 

A) Services regularly provided to membership Tri^^,- 
smd others. , , - 

B) Participation in Commission proceedings 

C) Trade. shows * 

D) Seminars and schools - ; . 

E) Chapter^ regional, and national meetings. 

F) Pj^ojects and studies 

\ ; , . . G) other ' \ * ^ . 

♦ ■ ' ' ' ' ■■ ' . * ' 

fer 4) ' Coordination procedure ; * , 

A) . As currently perfprmed ^ - ' 
O . B) As proposed in attached documents ^ 
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In APCO's vieW/ the definitions and criteria set out 
above establish private frequency coordination efforts oh a sound 
basis- for the public safety radio services in all radio bands. 
urge the J?CC to adopt these definitions and criteria as part of 
its program to rely on a private frequency cboroinating entity in 
the public safiety radio services and to the extent c . ppt'opr iate inL- 
other services. In addition ^ certain other fundamental points 
should be included in proposed rules to formalize the scope needed 
for a public safety frequency coordination system. " ' , 

B. Scope of a Piiblic Safety Frequency 

Coordination System. ^ . . 

First, as noted ' above /, APCO supports the use of private, 
frequency coordination efforts' in all radio bcinds including 900 MHz- 
It is our view that the frequency coordination process, with its 
detailed work before and after licensing of systems, is the! best . 
method of insuring the existence of compatible and effective radio ' 
systems. The 900 MHz spectrum is no exception in this regard. 

; ■ . ~ ' . . ■ * ' ' ■ ■ . - - . - . H 

' ■ ' ' ' . • . ■» ' . ■ 

Second, APGO supports frequency coordination for all , 
public sa^fety radio applications including those which are. part 
of regional-jplans, which propose shared use of relay facilities, 
and whd,ch^efeploy field -'•enigineering suryey.s. . we recpgnize; - 

that some applicants may 6hoose to use a field engineering su^ey 
or that duplication may occur with multiple' requests for a .>£fh2u:ed 
relay facility, the job of the coordinator can be seriously com- 
promised by frequency assignments made on the basis of applications 
of which the local coordinator is unaware. Since the coordinator 



has been assigned the major r^sE^pnsilaiiity *for>'freque^^ 
mendations, his work should be supported by requiring, applicants 
to submit a copy of their applications 'to the coordinato'r at the 
same time a filing is made with the FCC. -This contemporaneous 
notice is necessary for the coordinatoi:' to have an opportunity to 
comment on the application before it 'is granted and to avoid con- 
flicting frequency recommendations 'during the interval between the 
filing of an uncoordinated application and the grant of the appli- 
, cation.*"" . " . 

Applications which are made in connection .with compre- 
hensive public safety telecommunications plans should also be sub- 
ject to the frequency coordination process' so thalt the coordinator 
can advise the participating agencies and be advised of any changes 
or modifications in the plan." 'in addition to specifying frequency" 
coordination for comprehensive plans, the new ORules should contain 
a. process, whereby, the;; FCC .and "the. coordinators .moni tor and participate 



1/ To. preserve the options of field surveys while also keeping 

coordinators abreast of applications, the request for coordina- 
tors comments should be combined with- the FCC application form. 
■ With a space for the coordinator's recommendations and comments! 
the form would contain all the ' information needed both by the 
FCC and the coordinator. Whatever mechanism is adopted, the 
Rules should provide for the notice needed by th^ coordinator 
- at the time" the application is filed.. 

2/ APCO recognizes and has promoted the process of preparing, 
) adopting, and ^implementing statewide plans. Frequency coor- 
dination "should be an aid in identifying necessar-y modifications. 
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' -^xn • the^*^ ikplementa^^^^ plan that; has been -approved r "' The strnac-^^ — 

ture of an approval and implementation process rs discussed further 

below. ^ (pp* 30-31) . \ / ^ ^ ' 

Third/ in endorsing private^frequency coordination efforts 
for all applications/ APCO does not call for a delegation of authority 
•from the FCC to the coordinators. Just as the FCC is the only 
entity that can organize and maintain the data base necessar^ for 
any system of frequency assignments, the Commission must al^o bear 
the ultimate authority for frequency assignments, mpnitoring, and 
enforcement of its license provisions. The freqxierlcy coordinator 
should make recommendations as to the channel assignments and tech- 
nical or operational considerations affecting area use of the channels 

but ^ the coordinator should not be empowered to delay submission of 

1/ 

an application unless or until his. suggestions are adopted* Simi— 
larly / in cases of .dispute^ between the ^ 'coordinator and the applicant # 
.'including disputes over - applications based on field engineering ^ 
surveys, each party should have an opportunity to submit written 
comments in support of his view prior to an FCC decision. The Coia-r 
mission's decision should be confirmed in writing, ■accompanied by 
a brief statement of reasons, and provided to all parties to the 
dispute. 



1/ By the logic of APCO' s position "on this point, the frequency 

coordinator should 'not "administer" a public s ■■ f ety telecommuni- 
cations plan. The mechanism 'for approving and . implementing" a 
statewide' plan vis-a-vis FCC requirements should be an FCC pro- 
cess clearly set out in the Rules. 
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' Finallyy'the FCC computer model for selecting f reque^^cies, 
the Automatic Frequency Assignment Model or AFAm/ should be avail- 
able to provide assistance to the coordinator. As the Notice 
acknowledged ' (Paragraph 21), reliance on AFAM as the sole source ' 
of frequency selections in the Chicago region was unsatisfactory 
because of the individual judgments and human factors involved in 
many applications. Indeed, in crowded areas frequency cooxdinators 
tailor systems to an existing environment,, an individual process 
that: has not yet been programmed for computer solution. The com- 
puter's capabilities can be valuable to the coordinator if used 
for a fir^t order approximation of all possible freqdency selections 
fr©m calculations of the applicant's coverage requirements and 
those of existing systems. A printout of ^ AFAM ts frequency recom- 
mendations and the supporting calculations should be available to 
the coordinator at his request for use in making a frequency recom-. 
mendation. ^In cases where the coordinator's recommendation differs 
substantially firom AFAM's selections, a statement of the xinique- 
factors of the application might be requested to explain the deviati 

In this manner, the AFAM model can be used -to assist the frequency 

■ 1/ ■ 

coordinator as well as to assess his selections* 



1/ APCO's program for frequency coordination *in the Chicago region 
follows' this approach. See , Exhibit 'II, infra. This program 
could be a model for future efforts \^th AFAM. 



C , ~ ~~ji'pco \s pf ograin f or" Frequency Co 

in the Public Safety Radio Service in the 
Near Terro, ' ■ ' 



The eventual frequency coordination systeia determined as 
bast suited' to the public safety services" will depend upon 
the establishment of an FCC data base having necessary information^ 
accuracy and currency, together with the^ means of acceg^^o it. 
It will require the adoption ^of fundamental definitions and ground 
rules, and the establishment of a frequency coordination .process 
that results from future rulemaking proceedings on frequency coor- 
donation as announced in the Notice (Para. 1) • \, . 

The question< of guidelines and standards for frequency . 

' • ^ i) ■ ■ ' . ' 

coordinators, 'is one which APCO has previously addressed at some 

length. In 1971, an APCO task force drew up a Frequency Coordination 

Manual as a model for its local coordination committees. This 

Manual was designed as a guide to public safety coordinators in the 

unique- aspects of public safety radio while recognizing that each 

local area may differ in applying the- suggested procedures. If . 

the FCC determines that one organization should perform frequency 

. y 

coordination for all public safety radio applicants, APCO has the 



1/ The difference between public safety radio systems across the" 
~ country have led APCO to operate its frequency coordination work 
by local committees under the. administrative, supervision' of its 
National Office to a great extent- . It is our vieV that effort's 
will, always be required by public safety radio personnel who are^. 
"well informed in local areas.- 

2/ A number of land' mobile radio organizations have petitioned the 
~ Commission to establish four national coordination entities for 
~ coordination in the 900 MHz band. . Rm 2908, Comments filed 
July 20, 1977. * . 



— capabrlity -to assume -1:ha1: -^ The f ramework"adopted "would" be ~ ' 

sufficient _unto itself but would provide for participation of 
other •pxiblic safety organizations should they desire to do so. 
. A]^CO is prepared to jjiove toward a more comprehensive system of 
coordination, unified undet its National Office and organized for 
Commission auditing, as may be necessary. 

The Commission's comments about lack of "standardization, 
however, must be considered -in Ifght of the widely varying? cliarac- 
teristics of the radio services'. Public safety radio systems have 
■unique factors of governmental -involvement in- planning and budgeting 
public responsibilities for safety of lives" and property, and a 
need for all local and state organizations to coordinated with ea'ch 
other in; degrees ranging from everyday working arrangements to a 
cognizauice^of abilities and functions in tJLmes of disaster and 
emergency. These .unique factors mean, for example , that channel 
.loading criteria in numbers of mobile units are no:, wholly appro- 
priate^ for public safety systems, a point discussed in detail; else- ' 
where. The public safety coordinator must be kriowlWg^^le in- the ^ 
unique aspects of public safety radio systems and empowered by -the 
Rules to make frequency recommendations that best fill the perceived 
, need's. A frequency coordination program that . is standardized for 
all .sefyices and limitisd by rigid channel sharing cuid loading rules 

■ ■ ■ ■ . " . . * " , ^ ■ . 

will not yield the best results for public safety systems. 
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D. Frequency Coordination in che 

Chicago Region > ' < - 

APCO is prepared to resume its frequency coordination 
effort? in -the Chicago region on any date - the Cominission may set. 

APCO, members have, worked wxth the Spectrum Management Task Force • 

- • . . ■ * ' 

throughout the Chicago experiment, and discussions have been held 
regarding possible procedures for increasing the role of private 
coordinators. Exhibit II attached to these Comments offers a 
proposal for private frequency ' coordination in the Chicago region,. * 
building upon the t^sk force experiment • Our proposal envi-sions 
, use of the AFAM model at a preliminary "stage in the application 
process with the' final frequency selected by the FCC staff from 
the AFAM calculations and the coordinator • s recomiftehdations . This* 
APCO plan coulH be implemented by 2^11 radio services or, only public 

safety services'. It will be necessary |. of course r"^' for. those per- 

■ • ' . ■ . ' ■ ■ ■ ■ ' ■ " • ' '-^ ' • 

forming coordinating activities to have access to the present data , 

base of Chicago area licensees in order to start their work- and 

.to continB[e it. Access should be arranged on the basis described 

in Section I above, and this ex-periencre may of fer" field data -for 

designing the nationwide access program. ^ . - 



1/ The proposal in Exhibit 'II is based upon discussions between 

APCO and Commission Staff officiars shortly prior to termination 
of the Chicago 'e^iperiment. Tiiere was basic agreement that' such 
an. approach would b? tried. -However/ it was not' imjilemehted 
because of terminatioii of the experiment shortly after the>^gree 
ment was^- reached.* 
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■ •- • • ■ ■ _ . . ' : . ... . ■ '. . ^ . . : ' 

HI. Spectrum Monitor irig^ and- Chann^3^^3^ge * . 

Data are Tools in Effective SpSb^fc^liin . 
, * Management, - 

The third area, of -inquiry in the Notice involves the 
CoOToission's; prograinr of monitoring land mobile channels to compile 
data on actdal^ channel usage . The- Notice reports the preliminary 
experience with spectrum monitoring in Chicago and requests com- 
Aents .on the data to be gathered and the use of the data. As the 
Commission recognizes, a comprehensive program of spectrum monitoring 
is difficult to implement and uncertain in results. (Notice, Appen- 
dices).'. For public safety radio systems, moreover, spectrum 
monitoring must recognize the characteristics of public safety sys- 
^tems and the way they differ from those of Mother radio services. 

Public safety systems must operate 24 hoars per day, / 
•seven days a weeJc, to meet their public responsibilities; indeed, 
a large percentage of their activities occur outside of normal 
working hoxifs." Monitoring of public safety systems should take 
into account this f ulltime use. • The monitoring data should also 
be read in light of other bperational factors such as the need 
for instant cbmmiiciicationS when an incident occurs. A major per- 
fprmance criterion that must be satis'fied in the design of public : 

- . * ■ 

1/ Studies of . crime statistics, for example, show large" percentages" 
. of crime at night and on. weekends. Similarly, large numbers of 
traffic .accidents occur dtirihg the evening' rush hour and on 
holiday weekends. Major ci^vil disasters and*' emergencies call 
, ..'for /24-hQur-a-day radio systems until the crisis- is over. See, 

e.g. r National Commission bn Criminal Justice Sta ndards and^Goals, 
POlxce, 1973, at 200-04. ~~ [ ^" : ■ 
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• safety radio systems Is the waiting time of mobile or portable. 

units beforei effective contact with the. control point is established^ 

since an unduly long waiting time can mean the difference between • 

life and death in certa;in situations. Apart from such extreme 

. cases ^ public safety communications in general must place a higher:. 

priority on quick access to a control point or .to other mobiles or 

portables than many non-safety • licensees, and the FCC channel loading 

criteria should recognize this need. - ' > 

Another factor unique to public safety systems, is the ^ 

need for functional designation of one of , more channels in a systeim* 

Detective or undercover police units, vice squads, and other -police 

lanits may be atssigned a channel for their use only to insure instant 

^BLCCGSs to a control point or other points of comntunications and to 

protect the identifies or locations of undercover personnel. An- 

other channel may be assigned only for dispatching ■ purposes , so-'. ' '. 

that dispatch orders and calls to ^1 units can be made without > 

delay of/ interference.; These functional designations have a vital 

role that should not be overlooked in van'>atterapt to evaluate spec- 

trum use. ^ 



1/ APCO's Project 3\ the study of public safety operating proce- 
^ dxires, contains detailed support for the unique factors' of 
public safety systems. A copy of the Summary from project 3 
is attached as -Exhibit IV. • * ' . 
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- A fotirth factor unique ; to pul^ic safety radio systems c.- 

■ ' ■ ■ ' •. " ' , • . '■■ ■• ■ ■ ' ■ ' 

is the increasing use of comprehensive telecommunications plans. 

Working with the 'Law- Enforcenient Assistance Aciministra^ 

has encbtiraged the development and use.of local and regional plans 

that provide, for efficient use of frequencies 'and the development' 

of operational cbnipa:tibility between many city, county; and state 

public safety agencies.' In. previous filings with the Gommissipn « 

phased oh the extensive s^^^ of Projects 13 and 13a, APCO urged 

the acceptance .aiid acconmodation- of public safety plans in frequency 

assignments and channe^l loading requirements . Since this proceeding 

may lead to proposed Rules to aid spectrum manag^ent, "provision ' ' : 

should be inade for a process of ^FCC approval of a p^ 

pl2m.: The fbllowirig; definit safety telecommunicatioiis-- 

pletn ^should be recognized by the Cbmmiss^.qh as "the first step in 
■ this,_ process r .- ,' 7 

- .■ . Ptiblic Safety Telecommunications Plan .\ 

A document which defines the use of portions 
of the radio frequency spectirum in a specific 
telecommunications system by a- tax-supported 
agency or agencies. Such plan must be j'usti* ' ^ . 

fied by analysis of operational requirements 
in light of channel utilization 2md .by /Evidence . 
of financial support, and other factors which 
will insure implementation within a- planned' 
^ time ,f rame* All Public" Safety Telecoi^ . V 

. /' :-:^,^^:::ix;>Tis Plans- should be accompanied ,l^jE^^ a state- ; ' 

n^nt from frequency coordinating committ'ees . . ' ^ 

indicating potential availability of frequencies* 



1/ ' See , APCO's Petition for Reconsideration and Clarification 
filed in Docket No. 20909, 



If a plan meets these criteria^ .it should be submittec3c to the 
.FCC for review as to its licensing .nfeeds. Upon the Comiuissiori 
.concurrence, - the. ageijcies participating in the . plan and the . applicable-^ 
coordinators^ should ife given written assurance that frequencies ; - 
will be 'made available r preferably those recommended by the coor- 
dihator/ to implement the -plan. ^; . . \i 

Apart from, urging the Goirariission. to recognize- and accom- 

' '- ■ > ■ * • ■ ' ' • ■< ■ 

mpdate the * unique aspects of public safety systems in any spectrum/ . 

>". ■'. * . ■ , . • , ' ' ■ . > ■ ^ ■ , • ■ 

management system, vAPCp supports a continu'ation.of monitoring, tb; . -' 
^the extent the Commission fee^L^ cities where a ^ 

specif ic need £or^<^^^ occup'ancy data mSty exist. It '^should .be. ; - . 

noted'^that a -full-ti^^ comprehensive system of mpnitoriii^ wbui^^^ ^ . 
entaiX "a >commi;tm far above, the level 

contemplated in. -the Notices . ' Until the CCOTmission - s prepared to v 
commit* the resour-ces needed; a nximber of interim steps can" be taken 
to obtain ^accurate and- useful data. - These -steps include increased 
reqt2iremen"|:s ..for entries- in a station log ^ inexpensive recorciing : 
devipes or time keeping attachments to the station transmitter and.. 

- receiving, equipment. ' : " / : s . ' " 

■ ' ' ^ Under any system^ of monitoring, public safety organiza- - . 
tions and the frequency coordinators- should have access to the 

•monitoring data when requested.^ Any ^suggestions for increaseii ^. 
sharing of channels should be made in close consultation with ' the 

'coordinatQrs . " * 



I 



■ •' Conclusion* n,. ' " ' - • 

V--- The implerafentation of "ian effective system ; of spectrum 

management . and frequency coordination for the land mobile radio* 

services will be critically dependent upon the determination of - the 

' , ' ' ■ ' ■ ■*•■ . ' ' • I ' ' ■ 

FCC to .fulfill its responsibilities within the limit of its re- ; 

sources. , The Commission is the bhiy party that .can assemble the " 

ifif ormatibn and resoiirces to constanict an ^accurate data base ' of 

" Ik ■ . . . - • ■ ■ . • ■ - 

licensees and provide- low cost access to, it. Similarly , the Com- 
. mission is the .only party which caii organi.ze aiid carry out a _pro- 

grcun of chainnel monitorip:g , , taking into accbuht the 'operational 
.factors of the systems^ surveyed, analyze the data in accordance' 
with meaningful' criteria, and enter this data into the data base. 
; In the piiblic safety, aj;-ea, the data "base and channel loading stan-: . 
dards .must take into account average message length, frequency of * 
messages, and other' factors which affect tjh® waiting.- time for access 
_to the system. - / • • ." 

I - In the' interim until establishment of an ^adequate FCC 

data base, certain measures can be taken to rationalize and upgrade 
the frequency coordination program. APCO has made suggestions as 
to definitions relating to frequency coordinatiCTi activities. If 
the FCC determines that one organization should handle frequency 
coordination in /the public safety radio services,' APCO is prepared 
to assume' 1:hat role though its National Office and local coordina- 
ting entities • APCO has unique qualifications to do so stemming 
from its organization^ membership expertise, past studies, reports/ 
and other prqjects ^bearing upon public safety matters, and^ other 



resources as discussed 'above • Further changes in the frequency . 
Coordination system shpuld await the orgeuiization a^d availability 
of the FCC data base and the^ coming inquiry on frequency coordina- 
tion procedures. - . ^ P 

Finally, in any spec triam . monitoring and channel loading 
program adopted for the futxire, APCO urges the Commission to recog- 
nize ajid accorampdate/the unique aspects of public safety radio 

systems* Chief among these factors are planned and integrated 

■ <% * ■ 

systems r the 2 4 •hour, seven-day work week of our systems, and the 

need for functional designation of some channels 2Lnd nearly instanta 

neous communications in many situations. For these reasons, channel 

loading criteria must be "more meaningful them the number of mobile 

units per chaunnel, ,auid freqnaency assignments must be tailored for 

the operational recpiirCTfents of public safety systems'* 

Respectfully: submitted ^ 

ASSOCIATED PUBLICtSAFETY y 
* / COMMUNICATIONS OFFICERS/ 1NC> 
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ABBREVIATIONS 

• ■; . i . ■ • V ^ , /* . , , . ' 

. AMST Association of Maximum Service TeTecasters 

-APCO Associated Public-Safety Communications Officers, Inc. 

"AT&T American Telephone & Telegraph Company 

AVL - Automatic veMcle location . . . . .' . / 

CAD . Computer aided dispatch . ■ - 

db Decibel: - * ^ 

E3A Electronics Industries Association 

. ERP Effective radiated power 

FCC Federal Communications Commission ' 

I AC? Internal Association of Chiefs of Police 

IBT Illinois Bell Telephone 

ID , Identification ^ . 

IF / Intermediate frequency * 

i'MTS • Improved Mot)ile Telephone Service 

ISM industrial, scientific and medical v ^ 

LEAA' ' Law Enforcement Assistance Administration.^ 

LMCC ' Land Mobile Communications Council 

NABER / ^ National Association of Business and Educational Padio, Inc. 

NARUC ' . National Association of Regulatory Utility Commissioners 

OTP dffic^ of Telecommunications Policy. 

. RF Radio frequency 

SIRSA Special Industrial Radio Service Association, Inc. 

SMRS .Specialized Mobile Radio Systems - ' , 

UHF Ultra high frequency ; / . 

VHP Very high frequency ^. r 

WARC ' World Administrative Radio Conference 
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GLOSSARY 



ambient noise 
antenna gain ^ * 

authorized transmissioii 

automatic vehicle location 

channel loading standards 

community repeater 

coordinating commfttee. 
coordinator 

fleet dispatch , 

foliage loss 

frequency-assignments 
functional requi rements 
geographic re-use 
Isotropic rradiator 
licensable . . 
paging 

path loss 



-Environmental or background electromagnettc nois.e : - : 

: ■ ■ .^ ^ . • ■ ' • ^ ^ ■ ■ . ' • '-J . ^ ■ 

-An^antenna characteristic that increases the power •Sens ity* in a 
given direction by concentration of radiated energy • '* 

-A message whosis content is in keeping with the authorized pur- 
poses of the licensee, r . 

-A technique using RF energy to automatically, determine the' 
Vocation of vehicles and to report their positions to a central 
control facility . . ' * * . 

-FCC .standards designating the number of mobile- units that must 
be assigned to a single chalinel before that -channel is con- 
sidered "fully loaded", thereby justifying^the assignment .of 
. /additional channels ^ . ' 

-A base station used by more than one licensee to, provtde an 
extended area of communication with' the licensee's mobile units. 
All users of the community repeater jointly -share the community 
repeater's license responsibility. ' . 

i ' - . ' ' - - ' ■ • . . ' ■ 

. -A committee of coordijia tors authorized to coordinate for speci- 
fied user Services in a designated geographical area 

• : -A member of "a designated coordinatipSKorganization, authorized 
to accomplish a coordination funciion yor specified land mobile 
radio service(s} in a specified geogi:aj)hic area 

-A comiiiuni cations process by which a niinber of mobile units 
monitor all transmissions from a common point to receive infor- 
mation that may pertain to only one-or more units of the fleet 

• in any given instant 

-Attenuation of electromagnetic energy caused fay the. absorption 
by trees or other growth in the path between transmitter and 
recei ver 

• ■ ■ ^ 

: -A frequency authorized by the FCC for use by a licensee for pur- 
poses specified on the license^- 

-These capabilities a system must provide to fulfill the opera- 
tional needs of the user - / 

. ■ « ' ' *■ ■ • 

-Re-use of a specific frequency made possible by geographic 
separation or shielding from undesi red signals 

if ■ ' ' ■ ' ' - 

-A radiafor of electromagnetic energy that radiates equally well 
in all directions {a theoretical concispt) 

-An application for use of the spectrum that is in compliance 
with the FCC s Rules 

-A communication service in which a base station provides one-way 

* communication to subscribers, iisually involving only "beep tone" 
notification . v ; " 

-The attenuation of electromagnetic energy over the path between 
two points * ' . ' 
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peak loading 

radio common carriers 

satellite sites 

' . ' ' • I. ' 

simulcasting / 



system configuration 



wireline carriers 



•The maximum traffic level to which a radio channel may be 

: subjected. Peak loading of law enforcement channels- usually . 

occurs during .periods of maximum criminal activity or major - 

community emergencies 

-Yhose who provide radio communication service, to the general 
public • / 

-Remote transmitter and/or receiver sites connected to a central 
control station usually by landline or. microwave linkis that 
provide radio communications coverage of selected areas that 
cannot be , served adequately from the base site 

• ■ ^ . '■ . ■ ' ' 

-A technique of transmitting from two' separate sites simultaneous- 
ly on a common frequency.' Careful control of both audio and 

.radio frequencies at each site is required to preclude distruct- 
ive interference in regions covered by more than one simulcasting 
transmitter 

' r ' ' ' ■ : i \- . ., . 

-T+ie arrangenent of procedures, equrpjftent and organizations that 
have been selected to accomplish the^functional objectives of^^the 
system 



-Public service entities that provide wire type communications 
services. While^'the term implies telephone type wire connec- 
tions, many such carriers use microwave systems within their 
systems 
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